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ABSTRACT
The rapid development of the ship building and ship repair industry in recent 
years has transformed the way organizations perceive the future industry 
growth. Greater growth of naval technology is clearly noticed as well. 
Disappointingly, the worldwide phenomenon reflects that availability of naval vessels 
remained lower than expected. The Royal Malaysian Navy (RMN) vessels currently 
maintained under in-service support (ISS) contracts suffer the same fate, despite 
continuous yearly effort to improve the ships’ availabilities. The complexity of naval 
ship itself and its ever-changing roles and mission makes the situation more complex. 
Previous studies remained focused mostly on availability calculations and availability 
modelling of few factors only. There has not been any holistic study on all human and 
equipment factors impacting availability. The research aim is to demystify the 
complex naval ship availability issue by developing a decision-making model in 
improving ship operational availability of naval vessels under the ISS contract. 
Besides introducing a simplified view to the complex naval issue, this multiple-staged 
mixed-method sequential Delphi exploratory research has determined and ranked 
various downtime influence factors (DIFs) viewed holistically from both human and 
equipment perspectives, as well as determining the DIFs impact from the contract and 
project management perspectives. A panel of 30 experts and five top management 
experts in ISS contract in Malaysia participated in the research. 50 DIFs were 
identified, and a severity index (SI) was developed for each of the determined 15 
severe DIFs. The developed SI highlights that almost 45% of the downtime causes are 
due to the top five severe DIFs with corrective maintenance (SI 0.142) ranked first, 
spares availability (SI 0.082) ranked second, cash flow shortages (SI 0.078), ranked 
third maintenance budget allocation ranked fourth (SI 0.075) and knowledge 
management including training and skills (SI 0.070) ranked fifth. In this study, an 
availability-oriented model has been developed to assist policymakers in decision 
making and for maintainers and logisticians in appreciating their individual 
contribution to improve availability. Contract managers are provided with a tool to 
better manage the contract at ‘close to real time’ with identified prioritization on severe 
issues added with recovery recommendation to improve the ongoing availability 
situation. The simple approach and model are more appealing to practitioners unlike 
previously where complex mathematical results and algorithms were made available. 




Perkembangan pesat pembinaan kapal dan industri pembaikan kapal pada 
tahun-tahun kebelakangan ini telah mengubah persepsi masyarakat terhadap 
pertumbuhan industri masa depan. Kemajuan teknologi tentera laut juga lebih jelas 
kelihatan. Walau bagaimanapun, fenomena sedunia menunjukkan kesiapsiagaan kapal 
tentera laut kekal rendah daripada sasaran. Kapal Tentera Laut Diraja Malaysia 
(TLDM) yang disenggara di bawah Kontrak Sokongan dalam Perkhidmatan (ISS) 
mengalami nasib yang sama, walaupun terdapat usaha berterusan untuk meningkatkan 
kesiapsiagaan kapal. Kapal tentera laut yang rumit ditambah dengan peranan dan misi 
yang sentiasa berubah menjadikan keadaan lebih kompleks. Kajian terdahulu kerap 
tertumpu pada pengiraan tahap kesiapsiagaan dan penyediaan model yang melibatkan 
beberapa faktor sahaja. Tiada sebarang kajian holistik merangkumi faktor-faktor 
manusia dan peralatan dilaksanakan secara meluas. Matlamat penyelidikan ini adalah 
untuk mempermudah konsep kesiapsiagaan bersama sebuah model yang 
berkeupayaan menyokong proses membuat keputusan bagi meningkatkan 
kesiapsiagaan kapal di bawah ISS. Selain memudahkan pemahaman konsep 
kesiapsiagaan, penyelidikan jenis penerokaan menggunakan metodologi campuran 
melibatkan kumpulan fokus serta beberapa fasa Delphi yang berturutan ini berjaya 
menentukan dan mengukur faktor yang mempengaruhi ketidakaktifan kapal (DIF) 
dilihat secara holistik daripada perspektif manusia dan peralatan, serta impak DIF dari 
perspektif pengurusan kontrak dan projek. Panel pakar seramai 30 orang dan lima 
pakar pengurusan tertinggi organisasi ISS di Malaysia telah terlibat. 50 DIF telah 
dikenalpasti, dan Indeks Keparahan telah ditentukan bagi setiap 15 DIF utama. Indeks 
Keparahan (SI) mendapati hampir 45% ketidakaktifan kapal berpunca daripada lima 
DIF utama iaitu senggaraan baikpulih (SI 0.142) di tempat pertama, kesediaan 
alatganti (SI 0.082) di tempat kedua, masalah aliran tunai (SI 0.078) ketiga, 
kekurangan bajet (SI 0.075) keempat dan pengurusan pengetahuan termasuk latihan 
dan kemahiran (SI 0.070) di tempat kelima. Hasilnya, model berorientasikan 
kesiapsiagaan telah dibangunkan bagi membantu pembuat dasar membuat keputusan, 
serta penyelenggara dan anggota logistik dalam menghargai sumbangan masing- 
masing bagi meningkatkan kesiapsiagaan kapal. Pengurus Kontrak kini disediakan 
suatu alat bantuan mengurus, mengawal dan memantau kontrak dengan lebih efektif 
pada ‘hampir masa sebenar’ dengan keutamaan diberi pada DIF-DIF kritikal bersama 
cadangan kiraan pemulihan bagi kesiapsiagaan selanjutnya. Pendekatan dan model ini 
terbukti lebih mudah serta menarik kepada para pengamal berbanding sebelum ini di 
mana mereka hanya diperuntukkan dengan keputusan dan algoritma matematik yang 
kompleks. Satu penemuan menarik adalah bahawa kesiapsiagan kapal masih boleh 
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Security challenges facing Malaysia have evolved with the ever-growing new 
and emerging technologies. The Malaysia National Defence Policy (MOD Malaysia, 
2018) states clearly that the Malaysian Armed Forces (MAF) has to be flexible, mobile 
and possess a high degree of readiness. This requires the MAF organizational structure 
and strategic assets to be built and consistently maintained enabling it to always be 
ready to address all threats simultaneously. However, these threats with varying 
degrees of criticality, have not compelled the government of Malaysia (GOM) to 
substantially increase its expenditure in defence. Prudent spending measures result in 
most new defence programmes shelved or deferred for the time being (Guan, 2016). 
This results in an inevitable increase in the criticality of maintaining operational 
availability of existing defence assets including naval vessels.
Ship operational availability is described as the number of days the warships 
are available for operational tasking in a year (GAO, 2015c). The duration a naval 
vessel is able to remain in an area of operations reveals the sustainability and 
deterrence of the naval vessel (GAO, 2015c). In contrast to merchant ships, naval 
vessels which possess different set of functions, complex design characteristics 
(Dell'Isola and Vendittelli, 2015, Submarine Institute of Australia, 2017) and a variety 
of military roles (Directorate of Maritime Strategy Canada, 2001, Royal Navy Canada, 
2012) and concept of operations, are equipped with a greatly different set of systems 
and equipment onboard to suit its war, combat and battle management capabilities. 
Naval warships are also equally demanded for many other missions during peace and
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conflict other than war. The navy’s military operations other than war (MOOTW) 
includes search and rescue, disaster relief, surveillance and control of the country’s 
territory and approaches, peace support operations and many more (Directorate of 
Maritime Strategy Canada, 2001). Therefore operational availability of naval ships or 
warships is a complex problem (Dell'Isola and Vendittelli, 2015, Ng et al., 2009).
Availability is also a measure of maintenance performance (Parida and Kumar, 
2009). For many decades, maintenance was regarded as an unavoidable part of the 
production function and difficult to manage. Maintenance was initially considered as 
‘necessary rework’ and was not paid too much attention. In fact, quite often in most 
organizations, maintenance is considered a burden, sometimes considered a needless 
cost, sometimes given the least priority in time, resources and budget. Dekker (1996) 
pointed that there was minimal focus given to maintenance due to the difficulty to 
relate its contribution to company profits, therefore often seen as a cost function only. 
Swanson (2001) explained that traditionally, many companies approach to 
maintenance was to react, activities would only be carried out because machinery had 
to be fixed as it had stopped working.
Ship maintenance was not well structured or organized in comparison with 
other industrial entities which observed that huge savings may be made when carrying 
out proper maintenance tasks (Leger and Iung, 2012). There have been several cases 
which had proven that a proper maintenance strategy could have saved the 
organization or the industry millions of dollars, but most of them involved the more 
glamorous industries such as aviation and oil and gas sectors (Parida and Kumar, 2009, 
United Nations, 1993). Ship maintenance was previously considered as tasks needed 
to be performed on daily basis as part of operation, a mere necessity to keep the ship 
going in order to fulfil its mission of travelling from point A to point B. The 
maintenance activities were done mainly based on the experience of the chief engineer 
and his crew, or instruction of the ship captain for the range of equipment onboard the 
vessels.
In Malaysia, the Royal Malaysian Navy (RMN) has been managing a fleet of 
naval vessels for the last 80 years, and there are various types of vessels in the fleet
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including fast attack crafts, transport ships, frigates, corvettes, tugs, and the latest batch 
of six patrol vessels (PVs) of MEKO 100 RMN design. These PVs were commissioned 
into the RMN from 2006 and maintained through the in-service support (ISS) contract 
between the government of Malaysia (GOM) and Boustead Naval Shipyard Sdn Bhd 
(BN Shipyard). Even though three separate ISS contracts have been implemented on 
three classes of navy ships over a period of three years each, the RMN continued to 
face great challenges to meet its targeted operational availability of its fleet of naval 
vessels. This obstacle is common to most navies worldwide including United States 
Navy (Marais et al., 2013), Italian and French Navy (Dell'Isola and Vendittelli, 2015), 
Korean Navy (Paik, 2014) and Royal Netherlands Navy (van Donkelaar, 2017).
This is a result of having insufficient holistic study and concentrated effort in 
improving ship availability. As a result, the RMN PV ISS contracts continued to use 
legacy clauses that have not been formulated to meet its prime objectives in accordance 
to the National Defence Policy but seemed to have enough coverage to allow the 
contract to be implemented for purposes of maintaining the vessels. It has not been 
structured to meet a certain availability or productivity or reliability target, or to 
minimize contract risks, or to optimize maintenance activities, neither to follow certain 
crucial policies or philosophies of maintenance.
1.2 Organizational Challenges
BN Shipyard has been the leading shipyard in Malaysia for the repair of naval 
ships since its corporatization in 1991 and subsequently its privatization from being 
the government-owned Naval Dockyard Sdn Bhd in 1995. On shipbuilding, the 
shipyard had successfully completed mega-projects such as the shipbuilding of six PVs 
awarded in 1998, resulting with the award of the new and sophisticated littoral combat 
ship (LCS) contract for six vessels in 2014. On ship repair, the shipyard has continued 
to perform RMN vessels repair work year after year.
Nevertheless, similar to problems faced by other shipyards worldwide, the 
performance of BN Shipyard over the last decade has shown large areas for
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improvement especially in reducing extended delays in ship repair work and mitigating 
human-related issues. Even as the leader of naval repair and newbuilding works, BN 
Shipyard continued to face difficulties in maintaining profitability and on several 
occasions posted losses. Many reasons and excuses were given by the staffs and 
significant efforts were implemented by the shipyard top management to try curb these 
problems (Shamaun, 2017).
Irrespective of these management efforts, the ‘blaming game’ continued to 
occur between shipyard departments, between shipyard and the end-customer RMN, 
and between shipyard and vendors. The situation seemed similar to the explanation by 
Karube et al. (2009) that low organisational cohesiveness creates unnecessary conflict; 
thereby, dissipating managers’ effectiveness towards meeting objectives through 
efficient coordination and communication. On many occasions, staffs were paying too 
much attention to the customer, at the expense of company’s profitability and failure 
to abide by the internal procedures. Frequently procedures were bypassed as the staffs 
believed that “the end justifies the mean”, delivering the ships is most important.
Similarly, the PV ISS organization suffered the same fate, as the organization 
was originally derived from a department of BN Shipyard which was later formed as 
a sister-company called BHIC Navaltech Sdn Bhd (BNT). The PV ISS contract was 
officially signed between the GOM and BN Shipyard, but the implementation was 
subcontracted out to BNT in 2011 for a period of three years. This was the first time 
a major ISS contract was awarded to the newly formed organization, with the aim of 
maximizing the ships’ operational availability as part of the RMN fleet readiness. The 
PV ISS contract was subsequently renewed for a further 3-year term in 2014 with 
negligible improvement in the scope and clauses.
Many more issues surfaced beyond the above-mentioned organisational related 
problems, mostly due to insufficient knowledge and experience of the ISS concept by 
both contracting parties. The new ISS contract awarded to this newly-formed 
organization created additional issues including but not limited to maintenance 
philosophy, priority of work, budget appropriateness, effectiveness of processes, 
sufficiency of scope, inability to meet availability targets, design and engineering
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issues and also government policies and procedures. Accountability problems are 
rampant between stakeholders; 1) internal stakeholders, the various subsidiaries of the 
large Boustead Heavy Industries Corporation (BHIC) group of companies as well as 
externally, and 2) between the various companies and the various customers especially 
with the multiple departments of the RMN.
The tendency remained that stakeholders prefer to work in clusters, such as the 
finance department prefer to work with financial background personnel within the 
organization and with the supply branch of the RMN whilst similarly the engineering 
personnel are comfortable to work closely with the Engineering Branch of the 
RMN. The top management including the project managers of the BHIC group would 
deal mostly with the executive branch of the RMN who would normally be the top 
management and policy makers. This inevitably creates a discord whenever there is a 
project or contract management issue, whereby the clustered groups of stakeholders 
would defend their cluster and throw the blame to other clusters creating accountability 
issues whenever there is any question of non-performance.
This dysfunctional behaviour between stakeholders, often also driven by 
personalities, has been described in detail in a thesis by Shamaun (2017) called 
Management o f  Resistance to change using lean principles in transforming a shipyard 
operation. Shamaun (2017) also pointed out that on certain cases in the shipyard, 
because of the busied environment and hurried pace of a programme, projects were 
poorly managed resulting in project control and monitoring became cumbersome 
ending up with confusion and dispute between parties. Similarly, for the PV ISS 
contract, the overlapping areas of duty between engineering, finance and project 
management clusters create grey areas of accountability as there currently exist no 
mechanism to segregate the responsibility and contribution of each cluster of personnel 
to the success of the project. BNT as the ISS contractor shares the concern of Kwak 
and Smith (2009) that the issue of lack of accountability especially regarding 
department of defence (DoD) officials who openly place full responsibility on 
contractors therefore relieving themselves of pressure, and having the underlying 
assumption that large projects would not be cancelled despite poor project 
performance.
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At the ground level on the ISS project, some random or selective data has been 
collected previously on naval ship maintenance and repair, but without specific 
objectives or guidelines, with questionable quality and considerable number of gaps 
resulting in very seldom been analysed. The consequential effect is the reduced 
motivation or mindset of the staffs to continue collecting data (GAO, 2014b) as they 
believe it would continue to be a waste of time as the data will remain not be analysed 
for maintenance decision making and no benefit would come out of it. This is similar 
to the findings of Jardine (1996) that it is common that data seems to be plentiful, may 
not be at the expected quality, nevertheless data analysis is fundamental in optimizing 
decision making in maintenance but decision policies based on incorrect information 
may not just be useless but also harmful. As the researcher was formerly involved 
during the design, shipbuilding and subsequently the ISS phase of the PV vessels, this 
has spurred the researcher to embark on this current research to study not only to 
improve on the current PV ISS contract issues but also to meet the targeted operational 
availability. Any successful improvement shall naturally spill over and benefit the 
remaining fleet awaiting to be awarded with new ISS contracts in future. This research 
is termed by Jardine (1996) as an industry driven applied research which is motivated 
by the practical need, the research problems arise directly from the industrial 
organizations, and the research will definitely bring benefits to the organizations 
involved.
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All navies in the world aspire to improve the operational availability of their 
fleet. Most navies such as the United States (US) Navy (Marais et al., 2013), Korean 
Navy (Paik, 2014) and RMN (RMN, 2011b) have specific operational availability 
targets, but still remains a problem to be achieved. It remains a question as to why 
availability is still lower than expected.
Naval vessel or warship in itself as an asset is inherently complex, and the 
operational availability of warship is also a complex problem (Dell'Isola and 
Vendittelli, 2015). Therefore, improving ship availability or operational availability of 
naval vessel further magnifies the complexity of the problem making it “complexly 
complicated”. Ship availability is defined by Inozu (1996) and Blanchard and 
Fabrycky (1998) as the probability that the ship is available and capable of performing 
the intended function at any random point of time. Hou Na et al. (2012) described 
availability as “uptime” which can be formulated as one minus downtime or known as 
unavailability, with the resulting mathematical implication that the more unavailability 
or “downtime”, the lesser the availability achieved. Furthermore, there is a long list 
of human and equipment-related downtime influence factors affecting ship availability 
that are intertwined, ambiguous and uncertain, with uncertain significance and 
weightage. A few researchers have attempted to study individual factors such as 
Sandborn (2013) and Moon (2010) but none have been able to consolidate them 
comprehensively. It is hardly found that literature has attempted to consolidate factors 
involving human and equipment combined into one study involving ships due to the 
complexity.
Without simplifying the notion of naval availability, maintainers and support 
staffs remain confused and continue to be in “fire-fighting” mode trying to solve daily 
issues without any guidance on priority (Swanson, 2001). Improvement efforts could 
not be placed precisely, as the root cause of downtime from human and equipment 
related factors have not been identified. This negative effect is magnified due to the 
limited data being populated and analysed to date with these objectives in mind, as a
1.3 Problem Statement
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result of poor awareness and understanding on most stakeholders towards the 
importance of this issue at hand. The complexity of naval ship maintenance activities 
coupled with the limited literatures available to date on factors having negative 
influence on ship availability has created a seemingly impossible task to improve the 
current situation faced by the contract managers in the implementation of the ISS 
contract. To date, there exists no model or mechanism to assist the contract managers 
in managing the contract efficiently in meeting all contractual obligations at the 
targeted availability figures. Moreover, the model should be simple and practical, able 
to be understood by all levels of stakeholders in meeting targeted availability and able 
to assist contract managers to control and monitor the contract better. It is a 
documented fact that ship crews tend to change rapidly therefore a simpler model 
allows knowledge in processes to be retained easier as they are rarely trained in 
maintenance management (Wang et al., 2010).
1.4 Research Aim and Objectives
The aim of this research is to demystify the complex naval ship availability 
issue through the development of a contract management model in improving naval 
ship operational availability especially for the ISS contract. The research aims to 
bridge the knowledge gap concerning human and equipment related factors impacting 
ship availability. This model provides the linkage between human and equipment 
related factors holistically impacting naval ship availability that has to date been 
mostly tackled separately by policymakers, maintainers and logisticians as well as 
researchers who own conflicting goals and objectives (Davis, 2014). After all, 
according to Wang et.al (2010) the shipboard personnel are already overburdened 
being operators as well as maintainers, who would not appreciate long and complex 
methodologies for maintenance.
The outcomes of the model and the process would benefit every stakeholder. 
It helps to demystify the complex naval issue of improving the vessel and overall fleet 
operational availability faced by all levels of stakeholders. The step by step approach 
assists the policymakers to have a better grasp hence be able to make better decisions
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concerning all factors affecting the naval ship operational availability. Contract 
managers would have an efficient and handy tool to continuously track, manage and 
control the contract better with the necessary feedback and recovery information 
enabling faster decision making. Maintainers, storekeepers, trainers and all other 
stakeholders would have better appreciation of the tasks at hand with a clearer view of 
their individual contribution towards improving the navy’s availability figures. 
Resources would therefore be ensured to be put to the best use.
Researchers on naval ships worldwide would have a holistic understanding of 
the entire cloud surrounding the complex naval availability issue, dissected to ‘bite- 
size’ for easy comprehension in order to participate in further research on individual 
or multiple combination of factors affecting naval ship availability. This would trigger 
more opportunities for international collaboration. The developed tool could be used 
internationally as a mechanism to compare contract performance, and project analysts
would have a better systematic system for evaluation of contract or project. The
outcome of the research would benefit other engineering fields in general that have 
continuously attempted to improve the productivity and availability o f their assets.
The research aim could be achieved by meeting the following research 
objectives:
i) To determine the downtime influence factors (DIFs) to naval ship
availability.
ii) To develop the DIF’s impact matrix on contract and project
management elements of the “iron triangle of cost, time, quality and 
scope”.
iii) To develop the severity index as the mathematical algorithm to the 
model
iv) To develop a “ship availability oriented model” for ISS contract
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1.3 Research Questions
Understanding the aspiration of all navies in the world to improve the 
operational availability of their fleet and handicapped with ongoing confusion and 
desperation due to the complexity issue above, the researcher emphasized that a list of 
critical research questions is necessary to be answered in this research. The research 
questions (RQ) are as in Table 1.1.
Table 1.1 Research questions through research objectives
Research aim: The aim o f  this research is to demystify the complex naval ship 
availability issue through the development o f  a decision-making model in 
improving naval ship operational availability especially fo r  the in-service support 
(ISS) contract. It could be achieved by meeting the following research objectives 
(RO) through the research questions (RQ):
Code Research Question (RQ) Code Research Objective 
(RO)
RQ1a What are the human and equipment 
related downtime influence factors (DIFs) 
affecting ship availability?
RO1 To determine the 
downtime influence 
factors (DIFs) to 
naval ship 
availability.
RQ1b How can the DIFs affecting ship 
availability be-ranked and prioritized?
RQ2a How do the DIFs impact the contract and 
project management elements of the “iron 
triangle of cost, time, quality and scope”?
RO2 To develop the 
DIF’s impact matrix 
on contract and 
project management 
elements of the “iron 
triangle of cost, 
time, quality and 
scope”.
RQ2b Is it possible to improve ship operational 
availability by improving DIFs?
RQ2c What areas can be improved when faced 
with budget constraints, if  RQ2b is 
positive?
RQ3 Is it possible to develop an index based on 
ranking of the DIFs to indicate the 
severity of the DIFs?
RO3 To develop the 
severity index as the 
mathematical 
algorithm to the 
model
RQ4 Is it possible to develop a new model to 
assist stakeholders to better understand 
the availability concept and assist contract 
managers to monitor and control the 
contract better?
RO4 To develop a “ship 
availability-oriented 
model” for ISS 
contract
10
The current research is constrained to the ISS contract for the maintenance of 
the PVs in Malaysia, which have been implemented by BN Shipyard through BHIC 
Naval Tech Sdn Bhd since June 2011 for 3-year terms. This is the approved and 
available full contract on maintenance of naval vessels for the researcher to conduct 
the research.
It is also crucial to point out that for purposes of this study, the scope is 
constrained to ‘operational ships’ in the fleet based on the scope of the contract (RMN, 
2011b). Extended downtime for ships undergoing major refurbishment or refit is not 
included in the ISS contract and therefore not included in the study. This is especially 
important as the availability figure would evidently be significantly reduced or down 
to zero in cases of ship refit and major refurbishment such as ship life extension 
programme (SLEP). Nevertheless, these cases are not part of the study as they are 
implemented under separate refit or SLEP contracts, which is beyond the scope and 
provisions of the ISS contract. In accordance to Storch et. al (2007), basic actions 
carried out during maintenance that are significant during a ship’s service life includes 
planned maintenance (dry dock and non-dry dock), unscheduled repairs and 
conversion or modernisation.
For ISS contract in Malaysia, the scope of research is limited to planned 
maintenance (non-drydock) and unscheduled repairs only, but with an additional 
category of emergency docking (unplanned drydock). The panellists involved in this 
Delphi study would be limited to experts of naval ship maintenance who are familiar 
with the clauses of the ISS contract, familiar with the day-in and day-out routines of 
the ISS contract, as well as navy key personnel who are directly involved and 
benefitting from the implementation of the ISS contract. The panelists would combine 
the necessary background in human and related equipment factors. The contract has 
only been implemented for two terms, therefore the number of qualified experts is also 
limited. The model developed for the ISS contract in Malaysia may need to be adjusted 
appropriately by other ISS organisations worldwide to cater for other types of ships 
and contract provisions depending on their individual scope of ISS contract.
1.6 Scopes of the Study
11
To date, during the naval ship ISS maintenance contract preparation and 
negotiation stage, neither the RMN nor the subcontractor is aware of any mechanism 
or model to simulate possible outcomes of the ISS contract to be signed. As a result, 
the ISS contracts continue to be awarded based on legacy contract terms and clauses. 
There has been no improvement due to the lack of studies being carried out on 
improving the contract clauses as well as the contract clauses’ relevancy towards the 
dictated ship availability.
The snowballing effect as a result of ineffective contract formulation impacts 
the contract manager threefold, a weak contract to be implemented resulting in the 
brewing and subsequent surfacing of a magnitude of issues that could have been 
avoided, inability for the assets to be managed with high availability, and the non­
existence of a model or mechanism to assist the contract manager in managing the 
contract efficiently. This negative effect is magnified due to the limited data being 
populated and analysed to date with these objectives in mind, as a result of poor 
awareness and understanding on most stakeholders towards the importance of this 
issue at hand. The complexity of naval ship maintenance activities coupled with the 
limited literatures available to date on factors having negative influence on ship 
availability has created a seemingly impossible task to improve the current situation 
faced by the contract managers in the implementation of the ISS contract.
The step by step approach in this research would provide all stakeholders with 
a clearer and simplified view to recover from the seemingly-hopeless situation. Similar 
to the manner applied by Wang et al. (2010), the overall concept is to locate the most 
troublesome areas and concentrate resources on them. The approach begins with the 
identification of the range of DIFs that influence naval ship availability, concentration 
on the severe or critical DIFs using risk analysis, identification of the severe DIFs’ 
impact to cost, budget, schedule and scope of the contract and finally the development 
of a mathematical algorithm that provides the opportunity to produce a ship 
availability-oriented contract management model for naval vessels that would provide 
a solution to systematically tackle the issues mentioned above. Given the targeted
1.7 Significance of Study
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operational availability and the actual operational availability, the availability-oriented 
contract management model shall be capable of pinpointing the downtime in number 
of days lost for each of the severe DIFs and would be able to calculate the recovery 
operational availability in order to be back on track. The same applies when combined 
for the squadron operational availability at various locations, or even for the 
maximizing of fleet operational availability (Nguyen, 2017).
Besides the obvious transparency benefits to the maintainers and logisticians, 
the contract managers would have a tool to not only control and manage the existing 
contract better but also to be used during contract closure as well as improvement in 
new contract formulation utilizing the developed model. Top management and 
policymakers would have a tool to decide on whether the fleet has not been optimized 
or whether more vessels are required to be purchased to meet the operational needs of 
the nation. The result of the research shall also offer significant contribution to the 
body of knowledge as there currently exists restricted discussions and limited 
literatures on the downtime factors related to the naval ship maintenance impacting 
availability.
Stambaugh and Barry (2014) stated that for a ship valued at USD500million 
and a 30-year target service life, losses would amount to approximately USD50,000 
per day if the ship was not able to operate. This shall be an indicative value to the RMN 
of potential losses due to unavailability caused by downtime. Therefore, the overall 
improvement achieved in increasing RMN ship availability from the efforts of all 
levels of stakeholders could save the GOM millions of Ringgit which could be better 
spent elsewhere.
1.8 Operational Definitions
The following are the key operational definitions referred to throughout the 
various chapters of the thesis.
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i. Availability: the probability that the asset is available and capable of 
performing the intended function at any random point of time.
ii. Complexity: The state or quality of being intricate or complicated.
iii. ConCaMS: An ‘availability-oriented’ model/system designated Contract 
Management Control and Monitoring System.
iv. Delphi Technique or Method: A renowned method for eliciting and 
synthesizing expert opinion. The original intent of Delphi was as a forecasting 
technique, designed to predict the likelihood of future events using expert 
judgment in the military. It is primarily concerned with making the best you 
can of a less than perfect kind of information. The Delphi method is a flexible 
research technique that has been successfully implemented in many areas of 
study. It is well suited as a research instrument when there is incomplete 
knowledge about a problem or phenomenon. The Delphi technique works 
especially well when the goal is to improve our understanding of problems, 
opportunities, solutions, or to develop forecast. The technique has since been 
widely accepted throughout the world in many industry sectors including 
healthcare, defence, business, education, information technology, 
transportation and engineering. It allows researchers to maintain significant 
control over bias in a well-structured academically rigorous process using the 
judgment of qualified experts.
v. Downtime: time during which production is stopped especially during setup 
for an operation or when making repairs. Also referred to as inactive time. For 
this study, any time period that the asset or equipment or system is unavailable 
or not operational.
vi. Downtime Influence Factors (DIFs): Root cause of various downtime viewed 
holistically from equipment-related and human related factors.
vii. In Service Support (ISS): Performance of programme management, logistics 
services, and engineering that are required in order for an asset to operate
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properly and perform required functions throughout its lifecycle. However, the 
scope and duration of ISS contract varies between assets of various countries.
viii. Iron Triangle: A project management triangle also called the triple constraint 
and Project Triangle) is a model of the constraints of project management. 
Also referred to as the triple constraint or flexibility matrix, is a way to 
reconcile the key factors of scope, schedule, and cost as competing constraints 
on any project. The International Project Management Association (IPMA, 
2006), in its IPMA Competence Baseline 2006 states that project success 
relates strictly to project management success as the ability to deliver the 
project's product in scope, time, cost, and quality. Display of an “iron triangle” 
in Figure 1.1.
Figure 1.1 Project Management Iron Triangle (IPMA, 2006)
ix. Maintenance: British Standards Institution, BS3811 Glossary of maintenance 
terms in Terotechnology, BSI, London, 1984 defines maintenance as the 
combination of all technical and associated administrative actions intended to 
retain an item or system in, or restore it to, a state in which it can perform its 
required function.
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x. Mission Availability: Mission availability of naval ships reflects the number of 
days they are available for performing its mission tasking in a year
xi. Operational Availability: Operational availability (Ao) of naval vessels is a 
measure to reflect the number of days the ships are available for operational 
tasking in a year. Also reflected as the number of days the ships are able to 
spend in an area of operations.
xii. Unavailability: The opposite to Availability. The probability that the asset is 
unavailable and incapable of performing the intended function at any random 
point of time.
xiii. Uptime: Time during which production is in operation. Also referred to as 
active time. For this study, any time period that the asset or equipment or 
system is available or operational.
1.9 Thesis Organization
This thesis elaborates on the work undertaken in the research project and 
comprises of five chapters. Chapter 1 introduces the research project by providing the 
general background to the research, organizational challenges, problem statement, 
research aim and objectives, research questions, scope of study, significance of the 
research and operational definitions.
Chapter 2 provides an extensive literature review concerning the definition of 
maintenance, the significance of maintenance strategy and the relationship between 
the shipbuilding contracts with the ISS contract. This is followed by the categories of 
the maintenance activities concerning naval vessels, impact of design on maintenance, 
fleet-wide maintenance requirements and the impact of maintenance strategies to 
performance, availability and cost.
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The chapter continues with the explanation on the concept of contracting for 
availability, spares and logistical support affecting maintenance and the consolidation 
of many factors and variables impacting the operational availability of a system and 
the implementation of effective maintenance strategies. Subsequently the review of 
studies on contract management philosophy, best practices, project management 
concepts, military versus conventional methodologies of contract management, 
similarities and differences between project management and contract management 
philosophies, past efforts in attempting to improve contract management practices, as 
well as other relevant literatures concerning the research subject. This chapter 
describes the various available research philosophies, methodologies and techniques 
to address research problems.
Chapter 3 fully describes the research methodology. Charts are provided to 
show the flow of works. Descriptions on the strategic selection of research variables 
via critical literature review provide leads to the preliminary model. The method of 
generating the generic DIFs and the strategic selection of the severe DIFs via survey 
and focus group discussion, which serve as the main method of data collection, is 
detailed out. The statistical method used to develop the DIF severity index describes 
the basic principle adopted in developing the formula to calculate ship availability. 
The chapter closes with description of methods for the development of the final ISS 
contract management model and its dashboard.
Chapter 4 discusses the results obtained and highlights their salient features. 
The first result is the simplification of the operational availability concept. The second 
result is the list of severe DIFs established. The third result is the formula developed 
to calculate the DIF severity index. The fourth result is the development of a ship 
availability- oriented contract management model. The fifth and final result is on the 
evaluation and validation of the model.
Chapter 5 concludes this research followed by explanation of the innovative 
contributions, areas of application and the limitations of the research. The chapter ends 
by highlighting several recommendations for further studies and concluding remarks.
17
REFERENCES
Abowitz, D. & Toole, T. (2010). Mixed method research: Fundamental issues of 
design, validity, and reliability in construction research. Journal o f  
Construction Engineering and Management, 136(1), 108-116.
doi:10.1061/(ASCE)CO.1943-7862.0000026 
Addison, T. (2003). E-commerce project development risks: Evidence from a delphi 
survey. International Journal o f  Information Management, 23(1), 25-40. 
doi:10.1016/S0268-4012(02)00066-X 
Adler, M. & Ziglio, E. (1996). Gazing into the oracle: The delphi method and its 
application to social policy and public health. London, England: Jessica 
Kingsley.
Adler, P. A. & Adler, P. (2011). The tender cut: Inside the hidden world o f  self-injury.
New York, NY: NYU Press.
Adriaansen, L. (2004). Subsea control and data acquisition: Experience and 
challenges. Hoboken, N J: John Wiley & Sons.
Agumba, J. N. & Haupt, T. C. (2014). The implementation of health and safety 
practices: Do demographic attributes matter? Journal o f  Engineering, Design 
and Technology, 12(4), 530-550. doi: 10.1108/JEDT-04-2014-0024 
Akins, R. B., Tolson, H., & Cole, B. R. (2005). Stability of response characteristics of 
a delphi panel: Application of bootstrap data expansion. BMC Medical 
Research Methodology, 5, 37. doi: 10.1186/1471-2288-5-37 
Al-Najjar, B. (1998). Improved effectiveness of vibration monitoring of rolling 
bearings in paper mills. Proceedings o f  the Institution o f  Mechanical 
Engineers, Part J: Journal o f  Engineering Tribology, 212 (2), 111 - 120. doi: 
10.1243/1350650981541930 
Al-Shammari, M. (2009). Customer knowledge management: People, processes, and 
technology. Hershey, PA: IGI Global.
Alabdulkarim, A. A., Ball, P. & Tiwari, A. (2015). Assessing asset monitoring levels 
for maintenance operations: A simulation approach. Journal o f  Manufacturing 
Technology Management, 26 (5), 632-659. doi: 10.1108/JMTM-01-2013-0003
243
Alhouli, Y. (2011). Development o f  ship maintenance performance measurement 
framework to assess the decision making process to optimise in ship 
maintenance planning (Doctoral dissertation, University of Manchester, 
Manchester, UK). Retrieved from https://www.research.manchester.ac.uk/ 
portal/files/54505525/FULL_TEXT.PDF 
Allman, K. & Nogales, X. E. D. (2015). Impact investment: A practical guide to 
investment process and social impact analysis. Hoboken, N J: John Wiley & 
Sons.
Allred, A. G. (1995, September 26-28). Quantitative evaluation of human-rating - The 
impact of solid propulsion on the reliability and safety of space launch vehicles. 
Proceedings o f  the Space Programmes and Technologies Conference, 
Huntsville, AL. U.S.A. doi: 10.2514/6.1995-3701 
Alsyouf, I. (2004). Cost Effective Maintenance fo r  Competitive Advantages (Doctoral 
dissertation, Vaxjo University Press, Sweden). Retrieved from 
https://www.diva-portal.org/smash/get/diva2:206693/fulltext01.pdf 
Apte, A. U., Apte, U. M. & Rendon, R. G. (2008). Managing the services supply chain 
in the Department o f  Defense: an empirical study o f  current management 
practices (Report No. NPS-AM-08-137). Monterrey, CA : Naval Postgraduate 
School. Retrieved from https://apps.dtic.mil/dtic/tr/fulltext/u2/a494224.pdf 
Atkinson, R. (1999). Project management: cost, time and quality, two best guesses and 
a phenomenon, its time to accept other success criteria. International Journal 
o f  Project Management, 17(6), 337-342. 
doi:10.1016/S0263-7863(98)00069-6 
Atos, S.E. (2015). Atos launches asset management and planning system 7.0 at Pacific 
2015. Retrieved from: http://www.mynewsdesk.com/sg/ press releases/atos- 
launches-asset-management-and-planning-system-7-0-at-pacific-2015- 
1230328.
Attwater, A., Wang, J. Q., Parlikad, A. & Russell, P. (2014, November 27-28). 
Measuring the performance of asset management systems. Asset Management 
Conference 2014, London,UK. doi: 10.1049/cp.2014.1046.
Australian National Audit Office (2012). Contract management: better practice guide. 
Canberra, Australia: Australian National Audit Office.
244
Aven, T. & Korte, J. (2003). On the use of risk and decision analysis to support 
decision-making. Reliability Engineering and System Safety, 79(3), 289-299. 
doi: 10.1016/S0951 -8320(02)00203-X
Ayyub, B. M. (2000). Methods fo r  expert-opinion elicitation o f  probabilties and 
consequences fo r  Corps facilities (Report No. IWR-00-R-10). Alexandria, VA: 
U.S. Army Corps of Engineers, Institute for Water Resources. Retrieved from 
https://www.iwr.usace.army.mil/portals/70/docs/iwrreports/00-r-101.pdf
Badiru, D. (2009). Getting Things Done Through Project Management. Bloomington, 
IN: iUniverse.
Baker, S. E. & Edwards, R. (2012). How many qualitative interviews is enough? 
Expert voices and early career reflections on sampling and cases in qualitative 
research. University of Southampton, Southampton, UK: ESRC National 
Centre for Research Methods Review Paper. Retrieved from 
http://eprints.ncrm.ac.uk/2273/4/how_many_interviews.pdf.
Balafas, A., Krimizas, S. & Stage, J. (2010). Impact o f  logistics on readiness and life 
cycle cost: A life cycle management approach (Technical Report). Monterey, 
CA: Naval Postgraduate School. Retrieved from https://apps.dtic.mil/dtic/tr/ 
fulltext/u2/a524658.pdf
Banaitiene, N. & Banaitis, A. (2012). Risk management in construction projects. Risk 
management -  current issues and challenges. London, UK: IntechOpen.
Bartels, B., Ermel, U., Pecht, M. & Sandborn, P. (2012). Strategies to the prediction, 
mitigation and management o f  product obsolescence. Hoboken, N J: John 
Wiley & Sons.
Bateman, J. F. (1995). Preventive maintenance: Stand alone manufacturing compared 
with cellular manufacturing. Industrial Management, 37(1), 19-21.
Bateson, J. T. (1985). In-Circuit Testing. Netherlands: Springer.
Bawa, H. S. (2009). Workshop Practice. New York, NY: McGraw Hill Education.
Belkhamza, Z. & Wafa, Z.A. (2012). Measuring Organizational Information Systems 
Success: New Technologies and Practices. Hershey, PA: IGI Global.
Berkok, U., Penney, C. & Skogstad, K. (2013 a). In-Service support: Best practices o f  
selected countries (Report No. DRDC CORA CR 2013-161). Ontario, Canada: 
Defence R&D Canada CORA.
245
Berkok, U., Penney, J. & Kivinen, S. (2013b). Factor and organizational substitutions 
to minimize costs in the navy (Report No. DRDC-RDDC-2013-C10). Ontario, 
Canada: Defence R&D Canada CORA.
Bianchetti, R. O. (2012). How to reduce the depot level maintenance delay in the 
Chilean navy (Master's thesis, International Masters School, Santiago, Chile).
Bil, C. & Mo, J. (2013). Obsolescence management of commercial-off-the-shelf 
(COTS) in defence systems. In J.Stjepandic, G.Rock & C.Bil (Eds.), 
Concurrent engineering apporaches fo r  sustainable product development in a 
multi-disciplinary envioronment. Proceedings of the 19th ISPE International 
Conference in a Multi-Disciplinary Enviornment (pp 621-632). Trier, 
Germany.doi: 10.1007/978-1 -4471 -4426-7
Blaikie, N. W. H. (1993). Approaches to social enquiry. Cambridge, UK: Polity Press 
and Blackwell Press.
Blanchard, B. S. & Fabrycky, W. J. (1998). Systems engineering and analysis. Upper 
Saddle River, NJ: Prentice Hall.
Bloch, H. P. & Geitner, F. K. (2012). Generalized machinery problem-solving 
sequence. Oxford, UK: Oxford, UK: Butterworth-Heinemann.
Boonstra, A., Boddy, D. & Bell, S. (2008). Stakeholder management in IOS projects: 
analysis of an attempt to implement an electronic patient file. European Journal 
of Information Systems, 17(2), 100-111. doi:10.1057/ejis.2008.2
Boyle, G., Little, D. J., Manning, J. & van der Krogt, R. (2011, August 31 -September 
1). Constraint-based approach to ship maintenance fo r  the Irish navy. 
Conference proceedings of the ITRN2011, University College Cork, Ireland. 
Retrieved from https://www.academia.edu/2812112/A_CONSTRAINT- 
BASED_APPROACH_TO_SHIP_MAINTENANCE_FOR_THE_IRISH_N 
AVY
British Robot Association (1984, May 14-16). Robot reliability and Safety. 
Conference proceedings of the 7th British Robot Association Annual 
Conference, Cambridge, UK.
Brooks, K. W. (1979). Delphi Technique: Expanding Applications. North Central 
Association Quarterly, 53, 377-385.
Burford, L. D. (2012). Project Management for Flat Organizations: Cost Effective 
Steps to Achieving Successful Results. Fort Lauderdale, FL: J. Ross 
Publishing.
246
Button, R. W., Martin, B., Sollinger, J. M. & Tidwell, A. (2015). Assessement o f  
surface ship maintenance requirements. Santa Monica, CA: RAND 
Corporation.
Carbone, T. A. & Tippet, D. D. (2004). Project risk management using the project risk 
FMEA. Engineering Management Journal, 16(4), 28-35.
Carter, J. (2013). The construction o f  commercial contracts (1 ed.). London, UK: 
Bloomsbury Publishing.
Carter, R. A. (2015). Managing mobile assets. Retrieved from: http://www.e- 
mj .com/ features/5116-managing-mobile-assets.html#.WTnz2JJ97Z4.
Cdr C New Mod (2012, January 25-26). Reliability centred maintenance (RCM) in the 
Royal Navy - devoloping a risk based policy fo r  integrating safety and 
maintenance management. Royal Institute of Naval Architects (RINA) 
International Conference on Managing Reliability and Maintainability in the 
Maritime Industry, London, UK.
Ceric, A. (2014). Minimizing communication risk in construction projects: A delphi 
study of the key roles of project managers. J. Civil Eng.Management, 20(6), 
829-838. doi:10.3846/13923730.2013.802739 
Chan, A. P. C., Yung, E. H. K., Lam, P. T. I., Tam, C. M. & Cheung, S. O. (2001). 
Application of delphi method in selection of procurement systems for 
construction projects. Construction Management and Economics, 19(7), 669­
718. doi: 10.1080/01446190110066128 
Chang, M. J. (1999, November 24-26). Technologies fo r  improving current andfuture 
light water reactor operation and maintenance: Development on the basis o f  
O&M experiences - The WANO perspective. Proceedings of a technical 
committee meeting of International Atomic Energy Agency (pp. 13-22), 
Kashiwazaki, Japan. Retrieved from https://inis.iaea.org/collection/ 
NCLCollectionStore/_Public/31/053/31053007.pdf?r=1&r=1 
Chapman, C. & Ward, S. (2008). Project risk management: Processes, techniques and 
insights. Hoboken, N J: Wiley.
Chermack, T. J. & Nimon, K. 2008. The effects of scenario planning on participant 
decision-making style. Human Resource Development Quarterly, 19(4), 351­
372. doi: 10.1002/hrdq.1245 
CIPS (2012). Contract management guide. Stamford, UK: Chartered Institute of 
Purchasing & Supply (CIPS).
247
Clavareau, J. & Labeau, P.-E. (2009). Maintenance and replacement policies under 
technological obsolescence. Reliability Engineering & System Safety, 94(2), 
370-381. doi: 10.1016/j.ress.2008.03.033 
Cohen, L. & Manion, L. (1994). Research methods in education (4th ed.). London, UK: 
Routledge.
Coles, R., Mcdowell, D. & Kirwan, M. J. (2003). Food packaging technology. Boca 
Raton, FL: CRC Press.
Colosi, L., Rothrock, L., Barton, R., Banks, J. & Reichard, K. (2010). Effects o f  
personnel availability and competency on fleet readiness. Annual Conference 
of the Prognostics and Health Management Society, 2010. Retrieved from 
https://www.researchgate.net/publication/266068782_Effects_of_Personnel_ 
Availability_and_Competency_on_Fleet_Readiness 
Commission on Wartime Contracting (2011). Transforming Wartime Contracting 
Controlling costs, reducing risks. In Findings and recommendations fo r  
legislative and policy changes (Final report to Congress). Commission on 
Wartime Contracting in Iraq and Afghanistan, U.S. Congress, U.S.A.
Cooke, R. & Paulsen, J. (1997). Concepts for measuring maintenance performance and 
methods for analysing competing failure modes. Reliability Engineering and 
System Safety, 55(2), 135-141. doi: 10.1016/S0951-8320(96)00087-7 
Cox, S. A. 2014. Managing information in organizations: A practical guide to 
implementing an information management strategy. London, UK: Palgrave 
Macmillan.
Crane, A. & Livesey, S. M. (2003). Are you talking to me? Stakeholder 
communication and the risks and rewards of dialogue. In J. Andriof, S. 
Waddock, B. Husted, S. Sutherland Rahman (Eds.), Unfolding stakeholder 
thinking 2: relationships, communication, reporting and performance (1st ed., 
pp. 39-52). London, UK: Routledge. doi: 10.4324/9781351281843 
Creamer, E. G. (2018). An introduction to fu lly  integrated mixed methods research.
Thousand Oaks, CA: SAGE.
Creswell, J. W. (2014). Research design: qualitative, quantitative and mixed methods 
approaches (5th ed.). Thousand Oaks, CA: SAGE.
Creswell, J. W. & Clark, V. L. P. (2011). Designing and conducting mixed methods 
research (3rd ed.) Thousand Oaks, CA: SAGE.
248
Cuhis, K. (2003). Delphi method (Research paper, pp 93-113). Karlsruhe, Germany: 
Fraunhofer Institute for Systems and Innovation Research. Retrieved from 
https://pdfs.semanticscholar.org/21a4/a0ac70928452880eae6c51e171aa9289a 
00a.pdf .
Curry, A. (2007). Acting on the Future. In B. Sharpe. & K. van der Heijden (Eds.) 
Scenarios fo r  success: Turning Insights into Action (1st ed., pp. 339-372). 
Hoboken, N J: John Wiley & Sons.
Custer, R. L., Scarcella, J. A. & Stewart, B. R. (1999). The modified delphi technique 
- A rotational modification. Journal o f  Career and Technical Education, 15(2). 
doi:10.21061/jcte.v15i2.702 
Cyphert, F. R. & Gant, W. L. (1971). The delphi technique: A case study. The Phi 
Delta Kappan, 52(5), 272-273.
Czinkota, M. R. & Ronkainen, I. A. (1997). International business and trade in the next 
decade: Report from a delphi study. Journal o f  International Business Studies, 
28(4), 827-844. doi: 10.1057/palgrave.jibs.8490121 
Dailey, A. L. (1988). Faculty consensus at a multi-campus college through delphi. 
Community Junior College Research Quarterly o f  Research and Practice, 
12(1), 21-26. doi: 10.1080/0361697880120102 
Dajani, J. S., Sincoff, M. Z. & Talley, W. K. (1979). Stability and agreement criteria 
for the termination of delphi studies. Technological Forecasting and Social 
Change, 13(1), 83-90. doi: 10.1016/0040-1625(79)90007-6 
Dalkey, N. & Helmer, O. (1963). An experimental application of the delphi method to 
the use of experts. Management Science, 9(3), 351-514. doi:
10.1287/mnsc.9.3.458.
Dalkey, N. C. (1969). The delphi method: An experimental study o f  group opinions 
(Report RM-5888-PR). Santa Monica, CA: RAND.
Dalkey, N. C., Lewis, R., Snyder, D.& Rourke, D.L (1972). Studies in the quality o f  
life: Delphi and decision-making. Lexington, MA: Lexington Books. 
Darabaris, J. (2006). Macroengineering: An environmental restoration management 
process. Boca Raton, FL: CRC Press.
Darnall, R. W. & Preston, J. M. (2010). Project management from  simple to complex.
Boston, MA: Flat World Knowledge.
Dattaa, P. P. & Roy, R. (2010). Cost modelling techniques for availability type service 
support contracts: A literature review and empirical study. CIRP Journal o f
249
Manufacturing Science and Technology, 3(2), 142-157. doi:
10.1016/j .cirpj.2010.07.003 
Davis, K. (2014). Different stakeholder groups and their perceptions of project 
success. International Journal o f  Project Management, 32(2), 189-201. doi: 
10.1016/j .ijproman.2013.02.006 
Dean, A. W. (2003). A statistical evaluation o f  risk priority numbers in failure modes 
and effects analysis applied to the prediction o f  complex systems (Doctoral 
dissertation, Old Dominion University Norfolk, VA, USA).
Dearden, J. A., Lilien, G. L. & Yoon, E. (1999). Marketing and production capacity 
strategy for non-differentiated products: Winning and losing at the capacity 
cycle game. International Journal o f  Research in Marketing, 16(1), 57-74. doi: 
10.1016/S0167-8116(98)00023-8 
Dekker, R. 1996. Applications of maintenance optimization models: a review and 
analysis. Reliability Engineering & System Safety, 51(3), 229-240. doi: 
10.1016/0951-8320(95)00076-3 
Delbecq, A. L., van de Ven, A.H. & Gustafson Glenview, D. H. (1975). Group 
techniques fo r  programme planning: A guide to nominal group and delphi 
processes. Glenview, IL: Scott Foresman.doi: 10.1177/105960117600100220 
Dell'isola, A. & Vendittelli, A. (2015, June 4-5). Operational availability (Ao) o f  
warships: A complex problem from  concept to in service phase . Proceedings 
of the 2015 IEEE Metrology for Aerospace MetroAeroSpace (pp. 26-32). 
Benevento, Italy. doi: 10.1109/MetroAeroSpace.2015.7180621 
Denman, J. (1999). Air force depot maintenance: Management changes would 
improve implementation o f  reform initiatives. Darby, PA: Diane.
Deodatis, G., Ellingwood, B. R. & Frangopol, M. (2014). Safety, reliability, risk and 
life-cycle performance o f  structures and infrastructures (1st ed.). Boca Raton, 
FL: CRC Press.
Deris, S., Omatub, S., Ohtab, H., Kutarc, L. C. S. & Samata, P. A. (1999). Ship 
maintenance scheduling by genetic algorithm and constraint-based reasoning. 
European Journal o f  Operational Research, 112(3), 489-502. doi:
10.1016/S0377-2217(97)00399-8 
Dhillon, B. S. (2002). Engineering maintenance: A modern approach. Boca Raton, 
FL: CRC Press.
250
Directorate of Maritime Strategy Canada (2001). LEADMARK: The Navy's strategy 
fo r  2020 (Directorate DB3-22/2001-1). Ontario, Canada: Directorate of 
Maritime Strategy.
Doig, A. (2012). Fraud: The counter fraud practitioner's handbook. Farnham, UK: 
Gower.
Dollschnieder, S. (2010). Contact, care, communicate : How interpersonal skills are 
the foundation o f  genuine customer service. Bloomington, IN: Xlibris. 
Driessen, M. A., Arts, J., van Houtum, G. J., Rustenburg, W. D. & Huisman, B. (2010). 
Maintenance spare parts planning and control: A framework fo r  control and 
agenda fo r  future research (Beta publicatie: working paper). Eindhoven 
University of Technology, Netherlands.doi: 10.1080/09537287.2014.907586 
Dunn, S. (1978). The fourth generation o f  maintenance. Retrieved from 
http://www.plant-maintenance.com/articles/4th_Generation_Maintenance.pdf 
Dvorkin, W., Nelson, D. & Fiori, C. (2015). Strategies to improve performance at a 
high-turnover engineering organization. Procedia Computer Science, 64, 545­
551. doi: 10.1016/j.procs.2015.08.560 
Dwight, R. (1999). Searching for real maintenance performance measures. Journal o f  
Quality in Maintenance Engineering, 5(3), 258-275. doi:
10.1108/13552519910282728 
Easterby-Smith, M., Thorpe, R. & Lowe, A. (2002). Management research: an 
introduction. London, UK: SAGE.
Eckstein, M. (2016). New NAVSEA commander’s intent: Complete ship maintenance 
on time. Retrieved from https://news.usni.org/2016/09/14/new-navsea- 
commanders-intent-completeship-maintenance-availabilities-on-time 
Edwards, D. J., Holt, G. D. & Harris, F. C. (1998). Predictive maintenance techniques 
and their relevance to construction plant. Journal o f  Quality in Maintenance 
Engineering, 4(1), 25-37. doi: 10.1108/13552519810369057 
Erkoyuncu, J., Roy, R., Williams, S., Colegrove, P., Martina, F. & Busachi, A. (2015). 
Opportunities fo r  additive manufacturing to address component obsolescence 
challenges. Santa Monica, CA: RAND.
Erkoyuncu, J. A., Roy, R., Shehab, E. & Wardle, P. (2009, April 1-2). Uncertainty 
challenges in service cost estimation fo r  product- service systems in the 
aerospace and defence industries. Conference proceedings of the 1st CIRP
251
Industrial Product-Service Systems (IPS2) Conference (pp.200). Cranfield 
University, Cranfield, UK.
Erwin, S. I. (2014). Navy's holy grail: Low-maintenance ships, highly skilled sailors. 
Retrieved from www.nationaldefensemagazine.org/blog/lists/posts/post. 
aspx?ID=1379/
Eti, M. C., Ogaji, S. O. T. & Probert, S. D. (2004). Implementing total productive 
maintenance in Nigerian manufacturing industries. Applied Energy, 79(4), 
385-401. doi: 10.1016/j.apenergy.2004.01.007
Farajiparvar, N. (2012). Increasing profitability supported by innovative methods and 
designing monitoring software in condition-based maintenance: A case study. 
International Journal o f  Mechanical, Aerospace, Industrial, Mechatronic and 




Fathi, M. S. (2009). Micro and macro-level context-aware information delivery fo r  
construction programme managers (Doctoral dissertaion, Loughborough 
University, Loughborough, UK).
FPDS (2010). Federal procurement data system - next generation. US Procurement 
Database: Federal Procurement Data System.
Finch, E. (2012). Facilities change management. Oxford, UK: Wiley-Blackwell.
Fleet Operational Commander Order (2000). Urgent Defect Readiness Report (Fleet 
Operations General Memo 5/2000). Kuala Lumpur, Malaysia: Ministry of 
Defense.
Foerst, A. E. (2010). Employee theft in the retail industry: a review o f  current 
research. (Honours thesis, University of Florida, Florida, USA).
Ford, G., Mcmahon, C. & Rowley, C. (2013). Naval surface ship in-service 
information exploitation. Procedia CIRP, 2nd International Through-life 
Engineering Services Conference, 11, 92-98. doi:10.1016/j.procir.2013.07. 
059
Ford, G., Mcmahon, C. & Rowley, C. (2015). An examination of significant issues in 
naval maintenance. Procedia CIRP, 4th International Conference on 
Through-life Engineering Services Conference, 38, 197-203. doi:
10.1016/j.procir.2015.07.082
252
Forsthoffer, W. E. (2005). Auxiliary Systems. Amsterdam, Netherlands: Elsevier.
Franklin, K. K. & Hart, J. K. (2007). Idea generation and exploration: benefits and 
limitations of the policy delphi research method. Innovative Higher Education, 
31(4), 237-246. doi: 10.1007/s10755-006-9022-8
Fredrikkson, G. & Larsson, H. (2012). An analysis o f  maintenance strategies and 
development o f  a model fo r  strategy formulation -  A case study (Master's 
thesis, Chalmers University of Technology, Gothenburg, Sweden).
Freeman, J. & Paoli, G. P. (2015). Additive manufacturing and obsolescence 
management in the defence context (Document no. PE-171 -AST). Perspective. 
Cambridge, UK: Rand Europe. Retrieved from: https://www.rand.org/content/ 
dam/rand/pubs /perspectives/PE100/PE171/RAND_PE171.pdf.
Gallimore, K. & Penlesky, R. (1988). A framework for developing maintenance 
strategies. Production and Inventory Management Journal., 29(1), 16-22.
GAO (1981). Navy air launched missiles-increased availability through improved 
inspection and maintenance scheduling practices. Washington, DC: US 
Government Accountability Office (GAO).
GAO (1982). Factors limiting the availability off-15 aircraft at the 1st tactical fighter 
wing. Washington, DC: US Government Accountability Office (GAO).
GAO (1994). Strategic bomber : Issues relating to the B-1B's availability and ability 
to perform conventional missions. Washington, DC: US Government 
Accountability Office (GAO).
GAO (2002). Information management challenges in managing and preserving 
electronic records. Washington, DC: US Government Accountability Office 
(GAO).
GAO (2009). High-risk series: An update. Washington, DC: US Government 
Accountability Office (GAO).
GAO (2014a). Aviation workforce: Current and future availability o f  aviation 
engineering and maintenance professionals. Washington, DC: US
Government Accountability Office (GAO).
GAO (2014b). Defense inventory: Actions needed to improve the defense logistics 
agency's inventory management. Washington, DC: US Government
Accountability Office (GAO).
253
GAO (2014c). Surface ships: Navy needs to revise its decommissioning policy to 
improve future decision making. Washington, DC: US Government 
Accountability Office (GAO).
GAO (2015a). Defense: Defense facilities consolidation and disposal. Washington, 
DC: US Government Accountability Office (GAO).
GAO (2015b). Ford class aircraft carrier: Poor outcomes are the predictable 
consequences o f  the prevalent acquisition culture. Washington, DC: US 
Government Accountability Office (GAO).
GAO (2015c). Navy force structure: Sustainable plan and comprehensive assessment 
needed to mitigate long-term risks to ships assigned to overseas homeports. 
Washington, DC: US Government Accountability Office (GAO).
Garel, G. (2013). A history of project management models: From pre-models to the 
standard models. International Journal o f  Project Management, 31(5), 663­
669. doi: 10.1016/j.ijproman.2012.12.011 
Giannarou, L. & Zervas, E. (2014). Using Delphi technique to build consensus in 
practice. International Journal o f  Business Science and Applied Management, 
9(2), 66-82.
Gibson, P. (2013). The world o f  customer service (3rd ed.). Boston, MA: South­
Western CENGAGE Learning,
Gits, C. W. (1994). Structuring maintenance control systems. International Journal o f  
Operations & Production Management, 14(7), 5-17. doi:
10.1108/01443579410062121 
Glorian, D. & Spiegelberg, P. R. (1998). Thermal generating plant (100 MW+) 
Availability and unavailability factors (Data 1994-1996) (Report Ref: 1998­
514-004). Paris, France: Joint UNIPEDE/WEC Committee on Availability of 
Thermal Generating Plant.
Goh, L.-B. & Yip, T. L. (2014). A Way Forward for Ship Classification and Technical 
Services. The Asian Journal o f  Shipping and Logistics, 30(1), 51-74. doi: 
10.1016/j .ajsl.2014.04.003 
Goldberg, B. E., Everhart, K., Stevens, R., Babbitt III,N., Clemens, P. & Stout, L. 
(1994). System Engineering "Toolbox" for Design-Oriented Engineers. NASA 
Reference Publication 1358, Marshall Space Flight Centre, AL: National 
Aeronautics and Space Administration. Retrieved from 
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19950012517.pdf
254
Golding, H. L. W. & Griffis, H. S. (2003). Increased PERSTEMPO, retention and 
Navy policy (Report No. CAB D0008040.A2/Final). Alexandria, VA: CNA. 
Retrieved from https://www.cna.org/CNA_files/PDF/D0008040.A2.pdf 
Goossens, A. 2015. Maintenance policy selection fo r  ships: an investigation using the 
analytic hierarchy process. (Doctoral dissertation, University of Twente, 
Enschede, Netherlands).
Government of Malaysia (2000). Patrol Vessel Shipbuilding Contract. Kuala Lumpur, 
Malaysia: Royal Malaysian Navy.
Gracht, H. a. V. D. (2012). Consensus measurement in Delphi studies: Review and 
implications for future quality assurance, Technological Forecasting and 
Social Change, 79(8), 1525-1536. doi: 10.1016/j.techfore.2012.04.013 
Grisham, T. (2009). The delphi technique: A method for testing complex and 
multifaceted topics. International Journal o f  Managing Projects in Business, 
2(1), 112-130. doi: 10.1108/17538370910930545 
Guan, B. T. C. (2016). Security Outlook of the Asia, The National Institute for Defense 
Studies, Japan.Pacific Countries and Its Implications for the Defense Sector. 
(Report Joint Research Series No. 14). The National Institute for Defense 
Studies, Tokyo, Japan.
Hagesteijn, G. P. J. J. & Hooijmans, P. M. (2011). Ship design fo r  minimal fue l 
consumption in everyday use. design and operation o f  tankers. Wageningen, 
Netherlands : Marin Maritime Research Institute.
Hallowell, M. R. & Gambatese, J. A. (2010). Qualitative Research: Application of the 
Delphi Method to CEM Research. Journal o f  Construction Engineering and 
Management, 136(1). doi: 10.1061/(ASCE)CO.1943-7862.0000137 
Handy, C. B. (1999). Understanding organizations. 4th Edition ed. London, UK: 
Penguin Books.
Harz, C. R. (1981). Problems in army vehicle maintenance: Results o f  a questionnaire 
survey. Defense advanced research projects agency. Santa Monica, CA : Rand. 
Hayes, R. (2014). Reail security and loss prevention. Oxford, UK: Butterworth- 
Heinemann.
Helmer, O. (1968). Analysis o f  the future: The delphi method, technological 
forecasting fo r  industry and government—methods and applications. 
Englewood Cliffs, NJ: Prentice-Hall.
255
Hillson, D. (1999, October 10-16). Developing effective risk response. Proceedings o f  
the 30th Annual Project Management Institute 1999 Seminar and Symposium. 
Philadelphia, PA. Retrieved from http://www.risk-doctor.com/pdf- 
files/rsp1099.pdf
Hora, M. E. (1987). The unglamerous game of managing maintenance. Business 
Horizons, 30(3), 67-75. doi: 10.1016/0007-6813(87)90039-5 
Hou Na, Yi, L., Wang, Y.-G., Liu, J.-J., Bo, Z. & Lv, X.-Z (2012). Research on the 
mean logistic delay time of the development phrass. Physics Procedia 2012 
International Conference on Medical Physics and Biomedical Engineering 
(ICMPBE2012),33, 375-379. doi: 10.1016/j.phpro.2012.05.077 
House of Commons UK (2006). Retention: Regular forces' retention challenges: 
conditions of service and welfare, organisational and structural issues. 
(Committee on Defence, 14th Report). London, UK: House of Commons. 
Retrieved from https://publications.parliament.uk/pa/cm200708/cmselect/ 
cmdfence/424/42407.htm 
House of Commons UK (2008). Employment and skills for the defence industry in 
Scotland (6th report of session 2007-08). London, UK: House of Commons 
Scottish Affairs Committee. Retrieved from https://publications. 
parliament.uk/pa/cm200708/cmselect/cmscotaf/305/305.pdf 
Hsu, C.-C. & Sandford, B. A. (2007). The delphi technique: Making sense of 
consensus. Practical Assessment, Research & Evaluation, 12 (10). Retrieved 
from https://pareonline.net/getvn.asp?v=12&n=10 
Humbert, X. P. & Mastice, R. C. (2014). Managing risk by cradle to grave contract 
management. The European Financial Review. Retrieved from 
http://www.europeanfinancialreview.com/managing-risk-by-cradle-to-grave- 
contract-management/
Hussin, H. & Hashim, F. M. (2011). Modeling of Maintenance downtime distribution 
using expert opinion. Journal o f  Applied Sciences, 11(9), 1573-1579. doi: 
10.3923/jas.2011.1573.1579 
IACCM (2012). The value o f  contract management: return on investment -  survey 
results. London, UK: International Association for Contract and Commercial 
Management. Retrieved from http://cmsd.nl/wp-content/uploads/2015/10/ 
2012_iaccm_valueofcontractmanagement _roi_surveyresults.pdf
256
IAEA (2005). The power reactor information system (pris) and its extension to non­
electrical applications, decommissioning and delayed projects information 
(Technical Reports Series No. 428). Vienna, Austria: International Atomic 
Energy Agency.
Inaki, H. S. (2006). How quality management models influence company results -  
conclusions of an empirical study based on the delphi method. Total Quality 
Management, 17(6), 775-794. doi: 10.1080/09593960600597768
Inozu, B. (1996). Reliability, availability and maintainability (ram) database o f  ship 
operations cooperative programme (Research Project No.95-18). University 
of New Orleans, LA: Golf Coast Region Maritime Technology Center.
ITSL (2019). Interactive Technical Solutions Ltd elements associated with ILS 
Retrieved from http://its-l.co.uk/Elements_Associated_with_ILS.
IPMA (2006). Competence baseline. Amsterdam, Netherlands : International Project 
Management Association.
Irianto, D. (2005). Quality management implementation: a multiple case study in 
Indonesian manufacturing firm s (Doctoral dissertation, University of Twente, 
Enschede, Netherlands).
Iselin, Lemer, D. G. & C., A. (1993). Fourth Dimension in Building: Strategies fo r  
Avoiding Obsolescence. Washington, DC: The National Academies Press. doi: 
10.17226/2124.
Jardine, A. K. S., Zhang, F. & Yan, H. (1996, October 14-17). Enhancing system 
reliability through maintenance decision making. Proceedings o f  1996 IEEE 
International Conference on Systems, Man, and Cybernetics (pp. 1004-1007). 
Beijing, China. doi: 10.1109/ICSMC.1996.571217
Jazouli, T. & Sandborn, P. (2010). A design for availability approach for use with 
PHM. Annual Conference of the Prognostics and Health Management Society.
Jazouli, T. & Sandborn, P. (2011, June 20-23). Using PHM to meet availability-based 
contracting requirements. Proceedings o f  the 2011 IEEE Conference on 
Prognostics and Health Management. Montreal, Canada. doi: 
10.1109/ICPHM.2011.6024317
Jepsen, A. L. & Eskerod, P. (2009). Stakeholder analysis in projects: Challenges in 
using current guidelines in the real world. International Journal o f  Project 
Management, 27(4), 335-343. doi: 10.1016/j.ijproman.2008.04.002
257
Jonsson, P. (1997). The status of maintenance management in Swedish manufacturing 
firms. Quality in Maintenance Engineering, 3 (4), 233-258. doi: 
10.1108/13552519710176863 
Kadry, S. (2013). Diagnostics and prognostics o f  engineering systems: Methods and 
techniques. Hershey, PA: IGI Global.
Karampelas, P. (2013). Techniques and tools fo r  designing an online social network 
platform. Vienna, Austria: Springer-Verlag.
Karube, M., Tsuyoshi, N. & Toshihiko, K. (2009). Exploring Organisational 
Deterioration: ‘Organisational Deadweight’ as a Cause of Malfunction of 
Strategic Initiatives in Japanese Firms. Long Range Planning, 42(4), 518-544. 
doi: 10.1016/j.lrp.2009.06.005 
Katsikas, S., Dimas, D., Defigos, A., Routzomanis, A. & Mermikli, K. (2014). 
Wireless modular system for vessel engines monitoring, condition based 
maintenance and vessel’s performance analysis. Proceedings o f  the 2nd 
European Conference o f  the Prognostics and Health Management Society 
2014. Nantes, France.
Kazi, A. S. (2005). Knowledge management in the construction industry: A socio- 
technical perspective. Hershey, PA: IGI.
Keating, E. G. (1996a). Contracting fo r  weapon system repair: an examination o f  
alternative approaches. Santa Monica, CA: RAND.
Keating, E. G. (1996b). Government contracting options: a model and application.
Santa Monica, CA: RAND 
Keeney, S., Hasson, F. & Mckenna, H. (2011). The Delphi Technique in Nursing and 
Health Research, Oxford, UK, Wiley-Blackwell.
Keller, A., Kar, G., Ludwig, H., Dan, A. & Hellerstein, J. L. (2002, April 19). 
Managing dynamic services: A contract based approach to a conceptual 
architecture. Proceedings of  NOMS 2002. IEEE/IFIP Network Operations and 
Management Symposium. Management Solutions for the New 
Communications World'(Cat. No.02CH37327). Florence, Italy: IEEE. doi: 
10.1109/NOMS.2002.1015605 
Kennedy, R. (2005). Introduction to TPM and TPM3. TPM3: an enhanced and 
expanded Australasian version o f  3rd generation TPM focusing on the entire 
supply chain. Retrieved from https://www.ctpm.org.au/assets/freestyle/ 
Articles/IntroductiontoTPMandTPM3.pdf
258
Kerzner, H. (2013). Project management: A systems approach to planning, 
scheduling, and controlling (11th ed.). Hoboken, N J: John Wiley & Sons. 
Kobbacy, K. a. H. & Murthy, D. N. P. (2008). Complex system maintenance handbook.
London, UK: Springer.
Koehn, P., Macheret, Y. & Sparrow, D. (2004). Improving reliability and operational 
availability o f  military systems (IDA Document D-3006). Alexandria, VA: 
Institute for Defense Analyses (IDA). doi: 10.1109/AERO.2005.1559700 
Korshidi, H. A., Gunawan, I. & Ibrahim, M. Y. (2013, February 25-28). Investigation 
on system reliability optimization based on classification of criteria. . 
Proceedings o f  the 2013 IEEE International Conference on Industrial 
Technology (ICIT). Cape Town, South Africa. doi:10.1109/ICIT.2013. 
6505932
Kotze, D. (1993). Consistency, accuracy lead to maximum OEE benefits. TPM
Newsletter, 4(2),2.
Kwak, Y. H. & Smith, B. M. (2009). Managing risks in mega defense acquisition 
projects: Performance, policy, and opportunities. International Journal o f  
Project Management, 27(8), 812-820. doi: 10.1016/j.ijproman.2009.02.002 
Ladetto, Q. (2015). The Swiss perspective on emerging technologies o f  importance fo r  
the Swiss military. Retrieved from http://www.rand.org/pubs/perpective/ 
.peni.html
Landeta, J. & Barrutia, J. (2011). People consultation to construct the future: A Delphi 
application. International Journal o f  Forecasting, 27(1), 134-151. doi: 
10.1016/j.ijforecast.2010.04.001 
Lavrakas, P. J. (2008). Encyclopedia o f  survey research method bases. Thousand 
Oaks, CA: SAGE.
Lawson, G., Wearne, S. H. & Iles-Smith, P. (1999). Project Management fo r  the 
Process Industries .Warwickshire, UK: IChemE.
Lazakis, I., Turan, O. & Aksu, S. (2010). Increasing ship operational reliability 
through the implementation of a holistic maintenance management strategy. 
Ships and Offshore Structures, 5(4), 337-357. doi:10.1080/17445302.2010. 
480899
Lee, L. & Dobler, D. W. (1971). Purchasing and materials management: text and 
cases. New York, NY: McGraw-Hill.
259
Leger, J.-B. & Iung, B. (2012). Ships fleet-wide management and naval mission 
prognostics: Lessons learned and new issues. . IE Conference on Prognostics 
and Health Management (PHM), 18-21 June 2012 2012 Denver. IEEE.
Leva, M. C., Mcdonald, N., Ulfvengren, P. & Corrigan, S. (2013). Action research 
and change management system in aviation: Advances in human aspects o f  
aviation. Boca Raton, FL: CRC.
Lewin, D. & Gollan, P. J. (2012). Rethinking Misbehavior and Resistance in 
Organizations, Emerald Group Publishing.
Life Cycle Engineering (LCE) (2018). Total systems approach reduces cost and 
downtime fo r  navy ship diesel engines. Retrieved from https://www.lce.com/ 
Total-Systems-Approach-Reduces-Cost-for-Navy-Ships-2091.html.
Lim, S., Berry, F. S. & Lee, K.-H. (2016). Stakeholders in the same bed with different 
dreams: semantic network analysis of issue interpretation in risk policy related 
to mad cow disease. Journal o f  Public Administration Research and Theory, 
26(1), 79-93. doi: 10.1093/jopart/muu052
Lin, J.-C., Leu, F.-Y. & Chen, Y.-P. (2015). ReHRS: A hybrid redundant system fo r  
improving mapreduce reliability and availability. New York, NY: Springer 
International.
Linstone, H. A. & Turoff, M. (2002). The Delphi method: Techniques and applications 
(1st ed.). Boston, MA: Addison Wesley Educational.
Liu, J. & Hekkenberg, R. (2016). Sixty years of research on ship rudders: Effects of 
design choices on rudder performance. Ships and Offshore Structures, 12(4), 
495-512. doi: 10.1080/17445302.2016.1178205
Ljungberg, J. & Grunden, K. (2009, September 17-18). Proceedings o f  the 3rd 
European Conference on Information Management and Evaluation: ECIME. 
University of Gothenburg, Sweden.
Lock, D. (2014). The essentials o f  project management. London, UK: Routledge.
Lowry, G., Turner, R. L. & Fisher, J. (2006). The contribution of employment 
satisfaction factors to recruiting, retaining and career development of 
information systems and technology professionals. The review o f  Business 
Information Systems- First quarter 2006, 10(1), 137-147.
Lu, Y., Gao, Y., Cao, Z., Cui, J., Dong, Z., Tian, Y. & Xu, Y. (2010). A study of health 
effects of long-distance ocean voyages on seamen using a data classification
260
approach. BMC Medical Informatics and Decision Making, 10. doi: 
10.1186/1472-6947-10-13 
Ludwig, B. (1997). Predicting the Future: Have you considered using the Delphi 
Methodology? Tools o f  the Trade 5TOT2, 35 (5). Retrieved from 
https://www.joe.org/joe/1997october/tt2.php 
Lutchman, C. (2008). Leadership impact on turnover among power engineers in the 
oil sands o f  Alberta (Doctoral dissertation, University of Phoenix, Arizona, 
U.S.A.).
Mafini, C. & Dubihlela, J. (2013). Determinants of military turnover of technical air­
force specialists: an empirical case analysis. Mediterranean Journal o f  Social 
Sciences, 4(3), 523-534. doi: 10.5901/mjss.2013.v4n3p523 
Mahaffey, J. (2014). Atomic accidents: A history o f  nuclear meltdowns and disasters: 
From the Ozark Mountains to Fukushima. Cambridge, UK: Pegasus.
Marais, K. B., Rivas, J., Tetzloff, I. J. & Crossley, W. A. (2013, April 15-18). 
Modeling the impact of maintenance on naval fleet total ownership cost. 
Proceedings o f  the 2013 IEEE International Systems Conference (SysCon). 
Orlando, FL. doi: 10.1109/SysCon.2013.6549975 
Marquez, A. C. (2007). The maintenance management framework: Models and 
methods fo r  complex systems maintenance. London, UK: Springer.
Marquez, A. C. & Gupta, J. N. D. (2006). Contemporary maintenance management : 
process, framework and supporting pillars. Omega International Journal o f  
Management Science, 34(3), 313-326. doi: 10.1016/j.omega.2004.11.003 
Mathew, J., Ma, L., Tan, A. & Anderson, D. (2006). Engineering Asset Management. 
Proceedings o f  the First World Congress on Engineering Asset Management 
(WCEAM) 2006. London, UK: Springer.
Mavris, P. D. N. (2007). Design methodology and strategies investigation fo r  complex 
integrated naval systems: Period o f  performance nov 17, 2003 to nov 16, 2006 
(Final Report Contract No. N00014-04-1-0127) Atlanta, Georgia: Aeorspace 
Systems Design Laboratory (ASDL). Retrieved from 
https://smartech.gatech.edu/bitstream/handle/1853/33380/e-16-w18_9761.pdf 
Mcafee, R. B. & Champagne, P. J. (1994). Effectively managing troublesome 
employees. Santa Barbara, CA: Greenwood.
Mcgrath, J. (1984). Groups: Interaction and Performance. Englewood Cliffs, NJ: 
Prentice-Hall.
261
Mcintosh E&Y (2003). Ernst & Young study estimates retailers lose $46 billion 
annually to inventory shrinkage; Employee theft is biggest problem. Retrieved 
from https://www.businesswire.com/news/home/ 20030513005050/ en/Ernst- 
Young-Study-Estimates-Retailers-Lose-46
Mcnamara, D., Cunningham, A., Riahi, R., Jenkinson, I. & Wang, J. (2015). Modelling 
o f  maintenance and inspection policies fo r  marine systems using Monte Carlo 
simulation and delay-time Analysis. Boca Raton, FL: CRC.
Mequignon, M. & Haddou, H. A. (2014). Lifetime environmental impact o f  buildings, 
New York, NY: Springer International.
Miau, J.-J. & Holdaway, R. (2013). Reducing the cost o f  spacecraft ground systems 
and operations. Dordrecht, Netherlands: Springer Netherlands. doi: 10.1007/ 
978-94-015-9395-3
Miller, M. M. (1993). Enhancing regional analysis with the delphi method. The Review 
o f  Regional Studies, Southern Regional Science Association, 23(2), 191-212. 
Retrieved from https://ideas.repec.org/a/rre/publsh/v23y1993i2p191 - 
212.html
MOD Malaysia (2018). Malaysia's National Defence Policy. Kuala Lumpur, 
Malaysia: Ministry of Defence (MOD).
Moe, T. M. (1984). The New Economics of Organization. American Journal o f  
Political Science, 28(4), 739-777.
Moir, I. & Seabridge, A. (2012). Design and development o f  aircraft systems. 
Hoboken, N J: John Wiley & Sons.
Mokaya, S. O. & Kittony, L. K. (2008). Factors that influence labour turnover o f  
aircraft maintenance engineers in kenya: A case o f  kenya airways (Research 
report). Makerere University, Kampala, Uganda.
Moon, S. (2010). Hierarchical forecasting fo r  predicting spare parts demand in the 
South Korean navy (Doctoral disseration, Newcastle University, New Castle, 
UK)
More, J. (2013). Assessing vendors: a hands-on guide to assessing Infosec and It 
vendors (1st ed.). Rockland, MA: Syngress.
Moriarty, P. & Honnery, D. (2012). Preparing for a low-energy future. Futures, 
44(10), 883-892. doi: 10.1016/j.futures.2012.08.002
262
Morrison, D. L. & Upton, D. M. (1994). Fault Diagnosis and Computer Integrated 
Manufacturing Systems. IEEE Transactions on Engineering Management, 
41(1), 69-83. doi:10.1109/17.286326 
Mushiri, T. & Mbohwa, C. (2015, July 1-3). Machinery maintenance yesterday, today 
and tomorrow in the manufacturing sector. Proceedings o f  the World Congress 
on Engineering. London, U.K.
Nakajima, S. (1988). Introduction to TPM: Total productive maintenance.
Preventative Maintenance Series (11th ed.). New York, NY: Productivity Press. 
Nannapaneni, S., Dubey, A., Abdelwahed, S., Mahadevan, S. & Neema, S. (2014). A 
Model-Based Approach fo r  Reliability Assessment in Component Based 
Systems. Paper presented at the Annual Conference of the Prognostics and 
Health Management Society 2014, Fort Worth, TX, U.S.A. Retrieved from 
https://www.phmsociety.org/sites/phmsociety.org/files/phm_submission/201 
4/phmc_14_025.pdf
Naoum, S. G. (1998). Dissertation research and writing fo r  construction students (2nd 
ed.). Oxford, UK: Butterworth-Heinemann.
Nasab, S. S., Selamat, H. & Masrom, M. (2015). A delphi study of the important 
factors for bi system implementation in the public sector organizations. Jurnal 
Teknologi, 77(19), 113-120. Retrieved from https://jurnalteknologi.utm.my/ 
index .php/jurnalteknologi/article/view/6539/4336 
Naval Technology (2018). Republic o f  Singapore navy unveils its smart defence 
initiatives. Retrieved from http://www.navyrecognition.com/index.php/focus- 
analysis/naval-technology/6024-republic-of-singapore-navy-unveils-its- 
smart-defence-initiatives.html 
NAVSEA (2012). Risk management fo r  U.S naval ship maintenance availabilities.
Washington, DC: Department of Defense United States of America.
NAVSEA (2014). NAVSEA schedules FY15 surface ship availabilities. Retrieved 
from http://www.navy.mil/submit/display.asp?story_id=81450.
Nepal, M. P. & Park, M. (2004). Downtime model development for construction 
equipment management. Engineering, Construction and Architectural 
Management, 11(3), 199-210. doi: 10.1108/09699980410535804 
Neter, J., Kutner, M., Nachtsheim, C. & Wasserman, W. (1996). Applied linear 
statistical models. New York, NY: McGrawth-Hill.
263
Ng, I. C. L., Maull, R. & Yip, N. (2009). Outcome-based contracts as a driver for 
systems thinking and service-dominant logic in service science: Evidence from 
the defence industry. European Management Journal, 27(6), 377-387. doi: 
10.1016/j.emj.2009.05.002 
Nguyen, V. H. (2017). Optimal ship maintenance scheduling under restricted 
conditions and constrained resources (Doctoral disseration, Old Dominion 
University, Norfork, VA, U.S.A). doi: 10.25777/grtc-rj65 
Nord, C., Pettersson, B. & Johansson, B. (1997). TPM: Total productive maintenance 
med erfarenheter fran Volvo (in Swedish). Molndal, Sweden: Institut for 
Verkstadsteknisk Forskning og Volvo.
Obeng-Odoom, F. (2011). Reforming housing management in Ghana: The role of 
education. International Public Management Review, 12(1), 113-123. 
Retrieved from http://journals.sfu.ca/ipmr/index.php/ipmr/article/view/98/98 
Obeng-Odoom, F. & Amedzro, L. (2011). Inadequate housing in Ghana. Urbani Izziv, 
22(1), 127-137. doi: 10.5379/urbani-izziv-en-2011-22-01-004 
Odeh, A. M. & Battaineh, H. T. (2002). Causes of construction delay: traditional 
contracts. International Journal o f  Project Management, 20(1), 67-73. doi: 
10.1016/S0263-7863(00)00037-5 
Odeyinde, O. (2008). Optimizing rotating equipment maintenance management in 
Nigerian refineries (Master's thesis). North-West University, Potchefstroom, 
South Africa.
Offenbeek, M. a. G. V. & Vos, J. F. J. (2016). An integrative framework for managing 
project issues across stakeholder groups. International Journal o f  Project 
Management, 34(1), 44-57. doi 10.1016/j.ijproman.2015.09.006 
OGC (2005). Common causes ofproject failure. London, UK: Office of Government 
Commerce (OGC).
Olivier, J. P. & Ballestrini-Robinson, S. (2014, November 12). Capability-Based 
System-of-Systems approach in support o f  complex naval ship design. 
Proceedings of the CEUR Poster Workshop at the 2014 Complex Systems 
Design & Management International Conference (pp.59-70). Paris, France. 
Retrieved from http://ceur-ws.org/Vol-1234/paper-06.pdf 
Operational Availability Handbook July (2004). Introduction to operational 
availability (Operational Availability Handbook RAC-HDBK-3180) New 
York, NY: Reliability Analysis Center.
264
Pahl, G., Beitz, W., Feldhusen, J. & Grote, K.-H. (2007). Engineering design: a 
systematic approach (3rd ed.). London, UK: Springer. doi: 10.1007/978-1­
84628-319-2
Paik, S. (2014). A study on the case study and evaluation methodology of operational 
availability for a naval ship using OT&E data. Journal o f  the Korea Institute 
o f  Military Science and Technology (KIMST), 17, 471-478. doi: 10.9766/ 
KIMST.2014.17.4.471 
Pan, E., Liao, W. & Xi, L. (2012). A single machine-based scheduling optimisation 
model integrated with preventive maintenance policy for maximizing the 
availabilty. International Journal o f  Industrial and Systems Engineering, 
10(4), 451-469. doi: 10.1504/IJISE.2012.046301 
Papavinasam, S. (2013). Corrosion Control in the Oil and Gas Industry, Elsevier. 
Parida, A. & Kumar, U. (2009). Maintenance Productivity and Performance 
Measurement. In M. Ben-Daya, S.O. Duffuaa, A. Raouf, J. Knezevic & D. Ait- 
kadi (Eds.) Handbook of Maintenance Management and Engineering (pp. 17­
41). Basel, Switzerland: Springer Nature.
Park, M., Kim, W., Yoon, Y. & Nepal, M. P. (2010). Scheduling decisions and their 
dynamic consequences on construction performance. KSCE Journal o f  Civil 
Engineering, 14(3), 251-259. doi:10.1007/s12205-010-0251-0 
Pascual, R., Meruanea, V. & Reyb, P. A. (2008). On the effect of downtime costs and 
budget constraint on preventive and replacement policies. Reliability 
Engineering & System Safety, 93(1), 144-151. doi: 10.1016/j.ress2006.12.002 
Paz, N. M. & Leigh, W. (1994). Maintenance Scheduling: Issues, Results and Research 
Needs. International Journal o f  Operations & Production Management, 14(8), 
47-69. doi: 10.1108/01443579410067135 
Pecht, M. (2009). Product reliability, maintainability, and supportability handbook.
Boca Raton, FL: CRC Press..
Perera, J., Indika,D. & Rameezdeen, R. (2009). Risk management in road 
construction:The case of Sri Lanka. International Journal o f  Strategic 
Property Management, 13(2), 87-102. doi:10.3846/1648-715X.2009.13.87- 
102
Persson, A. & Stirna, J. (2015, June 8-9). Advanced Information Systems Engineering 
Workshops. Proceedings o f  CAiSE 2015 International Workshops, Stockholm, 
Sweden.
265
Peters, R. (2014). Reliable maintenance planning, estimating, and scheduling.
Houston, TX: Gulf Professional.
Pinjala, S. K., Pintelon, L. & Vereecke, A. (2005). An empirical investigation on the 
relationship between business and maintenance strategies. International 
Journal o f  Production Economics, 104, 214-229. doi:
10.1016/j .ijpe.2004.12.024 
Pintelon, L., Gelders, L. & Van Puyvelde, F. (2000). Maintenance Management (2nd 
ed.). Leuven, Belgium: Acco.
PMBOK (2013). A guide to the Project Management Body of Knowledge (PMBOK 
Guide). Newton Square, PA: Project Management Institute (PMI).
Pogacnik, B., Tavcar, J. & Duhovnik, J. (2015). Application of lean methods into 
aircraft maintenance processes. In R.Curran (Ed.) Transdisciplinary Lifecycle 
Analaysis o f  Systems (pp. 259-268). Amsterdam, Netherlands: IOS Press. doi: 
10.3233/978-1-61499-544-9-259 
Popovic, V.M., Vasic, B.M., Rakicevic, B.B. & Vorotovic, G.S. (2011). Optimisation 
of maintenance concept choice using risk-decision factor -  a case study. 
International Journal o f  System Science, 43(10), 1913-1926. doi:
10.1080/00207721.2011.563868 
Prasertrungruang, T. & Hadikusumo, B.H. (2009). Study of factors influencing the 
efficient management and downtime consequences of highway construction 
equipment in Thailand. Journal o f  Construction Engineering and 
Management, 135(1), 2-11. doi: 10.1061/(ASCE)0733-9364(2009)135:1(2) 
Price, H. (2013). Reduce Risk and Manage Change Throughout the Contract Lifecycle 
(White Paper). Waterloo, Canada: OpenText™ Contract Management. 
Retrieved from https://www.opentext.com/file_source/OpenText/en_US/ 
PDF/01056-WP-PennEnergy-OT-coBrand-FINAL.pdf 
Psenka, C.E. (2008). A monumental task: Translating complex knowledge in NASA's 
human space flight network (Doctoral disseration). Wayne State University, 
Detroit, Michigan, U.S.A.
Punch, K.F. (2000). Developing effective research proposals. London, UK: SAGE. 
Rainerjr, R.K., Snyder, C.A. & Carr, H.H. (1991). Risk Analysis for Information 
Technology. Journal of Management Information Systems, 8(1), 129-147 doi: 
10.1080/07421222.1991.11517914
266
Ramasamy, J. (2017). Subsea asset integrity framework fo r  project execution phase 
(Doctoral dissertation). Universiti Teknologi Malaysia, Kuala Lumpur, 
Malaysia.
Raof, S. A. (1996). Improvement in ship refit strategies and procedure: the case o f  the 
royal malaysian navy (Master's thesis, Naval Postgraduate School Monterey, 
California, U.S.A). Retrieved from https://core.ac.uk/download/pdf/ 
36702072.pdf
Raz, Z., Shenhar, A. J. & Dvir, D. (2002). Risk management, project success and 
technological uncertainty. R&D Management, 32(2), 101-109. doi:
10.1111/1467-9310.00243
Reason, J. & Hobbs, A. (2003). Managing maintenance error: A practical guide. Boca 
Raton, FL: CRC Press.
Reiff, E. (2016). The benefits o f  implementing standardisation methods in the 
production o f  tugs (Master's thesis). Delft University of Technology, Delft, 
Netherlands.
Rendon, R. G. (2009). Contract management process maturity: empirical analysis o f  
organizational assessments (Report No. NPS-GSBPP-09-039). Naval 
Postgraduate School, Monterey, California, U.S.A. Retrieved from 
https://calhoun.nps.edu/bitstream/handle/10945/642/NPS-GSBPP-09- 
039.pdf? sequence= 1&isAllowed=y
Rendon, R. G. & Snider, K. F. (2008). Management o f  defense acquisition projects 
(1st ed.). Reston, VA: American Institute of Aeronautics and Astronautics 
(AIAA).
Reuvid, J. (2012). Managing business risk: A practical guide to protecting your 
business (7th ed.). London, UK: Kogan Page Publishers.
Ridgway, M., Atles, L. R. & Subhan, A. (2009). Reducing equipment downtime: a 
new line of attack. Journal o f  Clinical Engineering, 34(4), 200-204. doi: 
10.1097/JCE.0b013e3181bb11e9
Rieger, W. G. (1986). Directions in delphi developments: Dissertations and their 
quality. Technological Forecasting and Social Change, 29(2), 195-204. doi: 
10.1016/0040-1625(86)90063-6
Riggs, W. E. (1983). The delphi technique: An experimental evaluation. 
Technological Forecasting and Social Change, 23(1), 89-94. doi:
10.1016/0040-1625(83)90073-2
267
Ristic, D. (2013). A tool for risk assessment. Safety Engineering, 3(3), 121-127. 
doi:10.7562/SE2013.3.03.03
Royal Malaysian Navy (2011a). Patrol vessel in-service support administrative order. 
Kuala Lumpur, Malaysia: Royal Malaysian Navy (RMN).
Royal Malaysian Nav (2011b). Patrol vessel in-service support contract. Kuala 
Lumpur, Malaysia: Royal Malaysian Navy (RMN).
Royal Malaysian Nav (2016). Exclusive: Interview with Chief o f  Royal Malaysian 




Royal Malaysian Navy (2018a). Patrol vessel characteristics. Retrieved from 
http://www.navy.mil.my/index.php/en/2017/item/46-kd-pahang-172.
Royal Malaysian Navy (2018b). Vision and mission. Retrieved from www.navy. 
mil.my/index.php/misi-visi?tmpl=component&print=1: RMN.
Royal Malaysian Navy (2018b). RM N strategic plan 2013-2020. Retrieved from http: 
//www.navy.mil.my/images/DOKUMEN/BPS/ Peta_Strategi.jpg
Roche, S. C. & Palvia, P. E. (1996). Global Information technology and systems 
management: Key issues and trends.
Rodrigues, M. B. & Karpowicz, M. (1999). An analysis o f  operational availability o f  
Brazilian navy and Argentine air force A-4 fleets using simulation modeling 
(Master's thesis, Naval Postgraduate School Monterey, CA, U.S.A). Retrieved 
from https://core.ac.uk/download/pdf/36706797.pdf.
Rojo, F.J.R., Roy, R. & Shehab, E. (2009). Obsolescence management for -life 
contracts: State of the art and future trends. The International long Journal o f  
Advanced Manufacturing Technology, 49(9), 1235-1250. doi:
10.1007/s00170-009-2471-3
Romzek, B.S. & Johnston, J.M. (2002). Effective contract implementation and 
management: A preliminary model. Journal o f  Public Administration 
Research and Theory, 12(3), 423-453. doi:10.1093/oxfordjournals.jpart. 
a003541
Rosenberger, M. & Pointner, F. (2015). High availability: definition, influencing 




Ross, J. M. (2009). Human factors in defence: Human factors fo r  naval marine vehicle 
design and operation (1st ed.). Boca Raton, FL: CRC Press..
Rowe, G. & Wright, G. (2011). The Delphi technique: Past, present, and future 
prospects - Introduction to the special issue. Technological Forecasting & 
Social Change, 78(9), 1487-1490. doi: 10.1016/j.techfore.2011.09.002 
Royal Navy Canada (2012). Evolution o f  multiple roles o f  the navy. Retrieved from 
http://publications.gc.ca/collections/collection-2012/dn-nd/db3-22-2001- 
eng.pdf
Sahoo, T. (2013). Process plants: shutdown and turnaround management. Boca 
Raton, FL: CRC Press.
Sandborn, P. (2013). Design for obsolescence risk management. Procedia CIRP, 11, 
15-22. doi: /10.1016/j.procir.2013.07.073.
Sawyer, D. (1997). Do it by design: An introduction to human factors in medical 
devices. White Oak, MD: Food and Drug Administration (FDA) U.S.A. 
Retrieved from https://elsmar.com/pdf_files/FDA_files/DOITPDF.PDF 
Schmidt, R.C., Lyytinen, K., Keil, M. & Cule, P. (2001). Identifying Software Project 
Risks: An International Delphi Study. Journal o f  Management Information 
Systems, 17(4), 5-36. doi: 10.1080/07421222.2001.11045662 
Schreiber, G., Akkermans, H., Anjewierden, A., Hoog, R. D., Shadbolt, N. R., Velde, 
W. V. D. & Wielinga, B. J. (2000). Knowledge engineering and management: 
The commonKADS methodology. Cambridge, MA: MIT Press.
Shah, H. A. & Kalaian, S. A. (2009). Which Is the Best Parametric Statistical Method 
For Analyzing Delphi Data? Journal o f  Modern Applied Statistical Methods, 8 
(1), 226-232. doi: 10.22237/jmasm/1241137140 
Shamaun, B.Y. (2017). Management o f  Resistance to Change using Lean Principles 
in Transforming a Shipyard Operations (Doctoral dissertation). University 
Technology Malaysia, Razak School, Kuala Lumpur, Malaysia.
Shelton, K. & Creghan, K. (2015). Demystifying the Delphi method. In V.C.X Wang 
(Ed.) Handbook o f  Research on Scholarly Publishing and Research Methods. 
Hershey, PA: IGI Global.
Shelton, K. & Creghan, K.A. (2014). Demystifying the delphi method. doi: 0.4018/978- 
1-4666-7409-7.ch019
269
Signoret, J.-P. (2010). Risk based inspection and maintenance planning: Production 
availability. In C.G. Soares (Ed.) Safety and Reliability o f  Industrial Products, 
Systems and Structures (1st ed.). Boca Raton, FL: CRC Press.
Sinnasamy, Y., Yassin, M.R.M., Sa’at, N.A., Nain, H., Sutarji, F.A., Sulaiman, A., 
Tahir, I., Yaakob, R., Wazir, A.S.M., Salehuddin, K.A., Rashid, M.R.M., 
Zubir, A., Kasmoni, H., Louisnaden, E. & Ahmad, K.A. (2017). Recognition 
of most common diesel engine condition monitoring methods. S & T Technical 
Bulletin STRIDE, 10(3), 297-310. Retrieved from http://www.stride.gov.my/ 
v2/images/penerbitan/buletin-teknikal/2017_vol_ 10_num_3.pdf 
Skoko, I., Jurcevic, M. & Bozic, D. (2013). Logistics aspect of offshore support vessels 
on the west africa market. Promet-Traffic & Transportation, 25(6). doi: 
10.7307/ptt.v25i6.1258 
Skulmoski, G. J., Hartman, F. T. & Krahn, J. (2007). The delphi method for graduate 
research. Journal o f  Information Technology Education, 6, 1-21. doi: 
doi.org/10.28945/199 
Smith, R. (2005). Chemical process: Design and integration. Hoboken, N J: John 
Wiley & Sons.
Soares, C. G. (2014). Renewable energies offshore. Boca Raton, FL: CRC Press.. 
Stackley, S. J. (2009). Memorandum for distribution: Comprehensive contracting and 
depot work integration policy for non-nuclear shipboard maintenance and 
modernization. Washington, DC: Department of Defense U.S.A.
Stambaugh, K. & Barry, C. (2014). Naval ship structure service life considerations.
Naval Engineers Journal, 126(3), 103-117.
Staub-French, S. & Nepal, M. P. (2007). Reasoning about component similarity in 
building product models from the construction perspective. Automation in 
Construction, 17(1), 11-21. doi: 10.1016/j.autcon.2007.02.013 
Storch, R.L., Hammon, C.P., Bunch, H.M. & Moore, R.C. (2007). Ship production 
(2nd ed.). New Jersey, NJ: The Society of Naval Architects and Marine 
Engineering (SNAME).
Submarine Institute of Australia (2017). The Collins class. Retrieved from 
https://www.submarineinstitute.com/submarines-in-australia/The-Collins- 
Class.html
Sullivan, P. E. (2011). Naval ship design and construction: Topics for the R&D 
Community (Commissioned Paper 5, pp 227-228). In Special Report 306:
270
Naval Engineering in the 21st century: The science and technology foundation 
fo r  future naval fleets. Washington, DC: Transportation Research Board of the 
National Academies.
Sutherland, J.W. (1975). Architecting the future: A delphi-based paradigm for 
normative system-building. In M. Turroff, & Linstone, H.A. (Eds.) The delphi 
method: Techniques and Applications (Prelude, pp.457-479). Retrieved from 
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=93E6796302D5890 
A8CF69E6DA48F8D2C?doi=10.1.1.119.5090&rep=rep1 &type=pdf
Swanson, L. (2001). Linking Maintenance strategies to performance. International 
Journal o f  Production Economics, 70(3), 237-244. doi: 10.1016/S0925- 
5273(00)00067-0
Sword, D. (2010). Conflicts from  confused roles and responsibilities. Retrieved from 
http://conflictcompetence.com/ conflicts-from-confused-roles-and- 
responsibilities/
Tan, W.-G., Chan, T. & Gable, G.G. (1999). Structural model of software maintainer 
effectiveness. Proceedings o f  10th Australasian Conference on Information 
Systems 1999 (pp. 943-954). Wellington, New Zealand.
TDA (2010-2017). Government o f  Malaysia's economic enhancement programme. 
Kuala Lumpur, Malaysia: Technology Development Agency (TDA).
Temple, D. & Collette, M. (2013). Optimization of structural design to minimize 
lifetime maintenance cost of a naval vessel. In J. Romanoff (Ed.) Analysis and 
design o f  marine structures. Boca Raton, FL: CRC Press..
Terblanche, N.S. & Boshoff, C. (2003). Validation o f  the in-store shopping experience 
(ISE) instrument. Paper presented at the 32nd EMAC Conference at the 
University of Strathclyde. Glasgow, Scottland.
Thai, K.V. (2004). Introduction to public procurement. Herndon, VA: National 
Institute of Government Purchasing (NIGP) U.S.A.
Thomas, J. (2013). Causes and effects of employee turnover in construction industry. 
International Journal o f  Science and Research, 4(5), 3041-3044.
Tomkins, C. (2012). Transforming warship support: Class output management. RUSI 
Defence Systems, 15(2).
Tummala, V.M.R. & Burchett, J.F. (1999). Applying a risk management process 
(RMP) to manage cost risk for an EHV transmission line project. International
271
Journal o f  Project Management, 17(4), 223-235. doi: 10.1016/S0263- 
7863(98)00038-6
Turgut, K. (2013). Assessing the operational effectiveness o f  a small surface combat 
ship in an anti-surface warfare environment (Master's thesis). Naval 
Postgradute School Monterey, California.
Twigge-Molecey, C. & Price, T. (2013). Materials Handling in Pyrometallurgy, 
Elsevier.
U.S Department of Transportation (2011). Addendum human factors. aviation 
maintenance technician handbook: General. In Handbook and manuals: 
Aircraft.Washington, DC: U.S. Department of Transportation.
U.S. Congress (1986). The social security administration and information technology- 
special report. Washington, DC: U.S. Government Printing Office.
UK MOD (2007). MOD guidelines United Kingdom Ministry o f  Defence. Retrieved 
from http://www.berr.gov.uk/files/file33168.pdf,2007.
United Nations (1993). United Nations human settlement programme Naerobi: The 
maintenance o f  infrastructure and its financing and cost recovery.
United States Bureau of Mines (1988). Information circular. The University of 
Michigan, MI, U.S.A
University of Southampton (2016). Software to transform ship maintenance SEA- 
CORES. Retrieved from https://phys.org/news/2016-09-software-ship- 
maintenance.html
Van der Ploeg, A. (2011, April 16-18). A comparison of strategies for the optimization 
of a ship’s aft body. Proceedings o f  the 10th International Conference on 
Computer and IT  Applications in the Maritime Industries (COMPIT) (pp.494- 
507). Berlin, Germany. Retrieved from http://data.hiper- 
conf.info/compit2012_liege.pdf
Van der Ploeg, A., Van der BLess, G. & Van Zelderen. (2016,October 3-4). 
Optimization o f  a ship with a large diameter propeller. Proceedings of the 19th 
Numerical Towing Tank Symposium (NuTTS) (pp.102-107). St. Pierre 
d'Oleron, France.
Van Donkelaar, A. (2017). Improving the operational availability o f  the ships o f  the 
Royal Netherlands Navy (Master's thesis). Delft University of Technology, 
Delft, Netherlands.
272
Vandijk, J.A.G.M. (1990). Delphi questionnaires versus individual and group 
interviews a comparison case. Technological Forecasting and Social Change, 
37(3) 293-304. doi: 10.1016/0040-1625(90)90029-U
Vanmulligen, A.E. (2015). Lifecycle cost model development fo r  through-life 
effectiveness tracking (Master's thesis). Delft University of Technology, Delft, 
Netherlands.
Vanzille, D. & Otis, I. (1992). Measuring and controlling machine performance. In G. 
Salvendy (Ed.) Handbook o f  Industrial Engineering, New York:NY: Wiley & 
Sons.
Walker, J. C. (2005). Multi-attribute tradespace exploration fo r  us navy surface ship 
survivability: A framework fo r  balancing capability, survivability, and 
affordability (BSc thesis). North Carolina State University, NC, U.S.A.
Walsh, A. (2014). Design, Integration & Project Management o f  Complex 
Engineering Programmes - ASC . Adeleide, Australia: The Institution of 
Engineers Australia. Retrieved from https://www.engineersaustralia.org.au/ 
Event/design-integration-project-management-complex-engineering- 
programs-asc
Wang, J., Pillay, A. & Mokashi, A. (2010). Application of reliability centred 
maintenance in ship operations. In C.G. Soares (Ed.) Safety and Reliability o f  
Industrial Products, Systems and Structures. Boca Raton: FL, CRC Press.
Wearne, S. H. (1993). Engineering Management: Principles o f  engineering 
organization. London, UK: Thomas Telford.
Webler, T., Levine, D., Rakel, H. & Renn, O. (1991). A novel approach to reducing 
uncertainty: The group delphi. Technological Forecasting and Social Change, 
39(3), 253-263. doi: 10.1016/0040-1625(91)90040-M
WEC/ UNIPEDE (1991). Availability and unavailability factors o f  thermal generating 
plants: Definitions and methods o f  calculation. Paris, France: International 
Union of Producers and Distributors of Electrical Energy.
WEC/ UNIPEDE (2001). Thermal generating plant (100 MW+) - availability and 
unavailability factors: Performance of generating plant. Paris, France: 
International Union of Producers and Distributors of Electrical Energy.
Weibull. (2017). Reliability importance measures o f  components in a complex system 
- Identifying the 20% in the 80/20 rule. Available: from http://www.weibull. 
com/hotwire/issue6 6/relb asics66.htm
273
Weisberg, S. (2005). Applied linear regression. New York, NY: John Wiley & Sons. 
Wiggins, J. (1985). ESA safety optimization study (Report HEI-685/1026). Houston, 
TX: Hernandez Engineering. Houston.
Wilkinson, A. (2009). Scenarios practices: In search of theory. Journal o f  Futures 
Studies, 13(3), 107-114. Retrieved from https://pdfs.semanticscholar.org/0eec/ 
0620a938a0d2f66266e9ce52c8a7c5ce1d09.pdf 
Wilson, R. (2014). A comprehensive guide to project management schedule and cost 
control: Methods and models fo r  managing the project lifecycle. Upper Saddle 
River, NJ: Pearson FT Press.
Wilson, R. (2015). Mastering project time management, cost control, and quality 
management: Proven methods fo r  controlling the three elements that define 
project deliverables. Upper Saddle River, NJ: Pearson FT Press.
Wireman, T. (1990). World Class Maintenance Management. New York, NY: 
Industrial Press.
Wireman, T. (2004). Total Productive Maintenance. New York, NY: Industrial Press. 
Wynekoop, J. L. & Russo, N. L. (1997). Studying system development methodologies: 
an examination of research methods. Information Systems Journal, 7, 47-65. 
doi: 10.1046/j.1365-2575.1997.00004.x 
Wysocki, R. R. (2009). Effective project management: Traditional, agile, extreme. (5th 
ed.). Indianapolis, IN: Wiley.
Xia, B. & Chan, A. P. C. (2011). Measuring complexity for building projects: a delphi 
study. Engineering, Construction and Architectural Management, 19(1), 7-24. 
doi: 10.1108/09699981211192544 
Yousuf, M. I. (2007). Using experts’ opinions through delphi technique. Practical 
Assessment, Research & Evaluation, 12(4), 1-8. Retrieved from
https://pareonline.net/getvn.asp?v=12&n=4 
Yuan, Z. (2016). A brief literature review on ship management in maritime 
transportation (Technical Report No TR/IRIDIA/2016-001). Bruxelles, 
Belgium: Institut de Recherches Interdisciplinaires et de Developments en 
Intelligence Artificielle (IRIDIA).
Yuo-Terntsai, Kuo-Shongwang & Lin-Changtsai (2004). A study of availability- 
centered preventive maintenance for multi-component systems. Reliability 
Engineering & System Safety, 84(3), 261-270. doi:10.1016/j.ress.2003.11.011
274
Zaghloul, R. & Hartman, F. (2003). Construction contracts: The cost of mistrust. 
International Journal o f  Project Management, 21(6), 419-424. doi: 
10.1016/S0263-7863(02)00082-0 
Zahedi-Seresht, M., Akbarijokar, M., Khosravi, S. & Afshari, H. (2014). Construction 
project success ranking through the data envelopment analysis. Journal o f  
Data Envelopment Analysis and Decision Science, 1-13. doi:
10.5899/2014/dea-00056 
Zaman, I., Pazouki, K., Norman, R., Younessi, S., Coleman, S. (2017). Challenges and 
opportunity of big data analytics for upcoming regulations and future 
transformation of the shipping industry, Proceedia Engineering, 194, 537 -  
544. doi: 10.1016/j.proeng.2017.08.182 
Zou, P.X.W, Zhang, G. & Wang, J. (2007). Understanding the key risks in construction 
projects in China. International Journal of Project Management, 25(6), 601­
614. doi: 10.1016/j.ijproman.2007.03.001
275
